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MHopmaumoHHbIE cucTeMbl M TexHomnorum - 2023: [ONeKkTpPoHHbIN pecypc):
Mporpamma 1 aHHOTaumm pgoknagoB  XXIX  MexgyHapogHOW — Hay4YHO-TEXHUYECKOM
KOH(pepeHumMn — OnekTpoH. gaH. — H. Hosropoa: Hwxkeropoa. roc. TexH. yH-T um. P.E.

AnekceeBa, 2023.

B cOopHuKke mpenacraBieHsl MaTepuaiisl JokiIag0oB XXX MexayHapoaHoi HaydHO-TEXHHYECKOU
koHdpepennmun  MCT-2023, mnocesmennoir 125-nmeturo  ocHoBanmsi HITY — Hwmkeropoackoro
MOJINTEXHUYECKOTO MHCTUTYTAa W TpoBeAcHHON 2 wioHs 2023 r. B cocTaBe MEKIyHAPOIHOW HAyYHOU
MynbTHKOHGepeHiiun MMTT  aupeknueit HMHcTUTyTa paguodIeKTPOHUKH | HH(GOPMAIIMOHHBIX
TEXHOJIOTHH NpU Hojjepkke, okazanHoit pekroparom HI'TY um. P.E. AnekceeBa u Huxeropoackum
ob6nactaeiM nipaBiieaneM PHTOPOC um. A.C. [Tomoga.

Kondepennusi nmpoBoguiack B CMEIIAHHOM PEXHME: OYHO M C JUCTAHIIMOHHBIM JIOCTYIIOM B
¢dopmare BeOMHapa Ha CIICUATU3MPOBAHHOM JIEKTPOHHOM matdopme B cetu MHTEpHET.

[TyOnukyemble MaTepuanbl MPEACTABIAIOT TEMATHKY, KPYyr HAy4dHBIX HHTEPECOB U COCTOSHHE
WCCIIC/IOBAaHUI TPEJCTaBUTENICH HAyYHBIX M BBICIIMX YYeOHBIX 3aBefeHud 8 ropomoB PO -
MpenoiaBaresield, Hay4yHbIX COTPYAHHUKOB, JOKTOPAaHTOB, aCIUPAHTOB, MAaruCTPaHTOB U CTYJIEHTOB -
yuactHukoB HUPC, a Ttakxke corpynnuko MI'Y um. M.B. JlomonocoBa, MI'TY um. H.3. baymana,
MI'TY «CTAHKHH», Bricuiel mKkoasl 3KOHOMUKHY, HUKEropoickoro rocy1apcTBEHHOIO TEXHUYECKOTO
yauBepcutera uMm. P.E. AnekceeBa, Hmxeropoackoro rocymapcTBeHHoro yHuBepcutera um. H.I.
JloGaueBckoro, Bomkckoro rocyaapcTBEHHOTO YHHBEPCHUTETa BOJHOTO TpaHcmopTa, Bomiro-Bstckoro
bummana MTYCH; npencrasuteneit 6osee 25 npennpustait 1 HUM: POAL-BHUNDD, UIID PAH,
HUMUC um. 10.E. CenakoBa, HUP®U, HIIII «lloner», AII3 um. IL.U. Ilnanguna, AIIKb u apyrux
OpraHu3aIui.

IIporpaMMHBIii KOMUTET:

A.A. KypkuH (npencenarens), A.B. MSIKuHbKOB (3aM.TIpecenaTens),
H.IO. Ba6anos, O.I". bepectnena, JI.B. XKesuepuyk, B.P. Musnos, [[.A. JIsxmanos, C.JI. Mopyrus,
A.C. Paesckuii, A.I'. Peiagsik, 3.C. CokonoBa, O.I1. Tumodeena, FO.M. Tynskos, M.B. YibsHoB,
A 1. dununckux, B.I1. Xpanunos, B.JI. Aronkun

© Hwmxeropoackuit Tocy1apCTBEHHbIN TEXHUUYECKHM
yHuBepcuter uMm. P.E. AnekceeBa, 2023
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YBAXAEMbIA KOJJIETA !

OprkomuTeT COBMECTHO C [Anpekunen MHCTUTyTa paamoanNekTPOHUKN U MHPOPMaLMOHHbIX
TexHonormi HITY um. P.E. AnekceeBa npurnawatT Bac npuHATb yvyactne B pabote XXIX
MexayHapo4HOW  Hay4yHO-TEXHUYECKOM KoHdepeHumn «MHopMaLUMOHHbIE CcUCTEMbI W
TexHonorum — MCT-2023», koTopasi coctoutca 29 mas - 2 uwoHa 2023 roga.
lMneHapHoe 3acepanne 30 maa B 10-00, aygutopusa 1313 Ha oOTKpbITUKM MexgyHapogHown
Hay4Hou MynbTukoHpepeHummn MMTT-CyberPhy-UCT-2023

Hayano paboTtbl cekumit 2 nroHa B 10-00 No pacnmcaHuio CEKLUN.

Cnpasku no tenedoHy: 436-93-47 — Aupekumsa MPUT n e-mail: hranilov@nntu.ru
dopma npoBeaeHNsa — o4Hast U KOMBMHMpPOBaHHas (NO PELLEHNI0 PYKOBOACTBA CEKLUN).

MpoBogutcs B opmaTte MyrbTUKOHEPEHUMN B paMKax peanusauum HayyHo-
uccnegosartenbckon  nonutukn  porpammbl  «[Mpuopntet-2030» ©n  CTpaTternvyeckoro
npoekta PaguoanekTpoHHble  cuctemMbl M koMmnnekcol  [porpamm MWW HITY

um. P.E. Anekceesa.

NNEHAPHOE 3ACEOAHUE
(Aya. 1313)

1. BcrynutenbHoe cnoso.
A.B. MAKMHbKOB, aupektop MPUT, npodeccop

2. [pueetcTtBue pektopata HI'TY nm. P.E. Anekceesa.
C.M. AMUTPUEB, pextop HI'TY, npodeccop

3. Hay4Hble wkonbl HITY nm. P.E. Anekceea
A.A. KYPKHUH, npopektop no Hay4Hon paboTe, npodeccop PAH
4. WcTtopusa nonutexa: ot BapLuaBcKoro nonnMTeXHUYecKoro nHetutyta go HIFyY
um. P.E. AnekceeBa (OnopHoro yHuBepcuteTa)
T.10. NONTAHCKAA, anpeKkTop MCTOPUKO-NAaTPUOTUYECKOrO LeHTpa HITTY
um. P.E. AnekceeBa



CEKUUA 1
PAOWOTEXHUYECKUE N MUKPOBOJNTHOBBLIE CUCTEMbI U YCTPOUCTBA
2 viioHa 10-00 (Aya. 5427)
Mpencepatenu: A.71.H., npodeccop A.L. MNnyxHukos, 4.¢.-M.H., npodeccop A.C. Paesckui
CekpeTtapsb: acnupaHT K.C. domunHa

METO[bl OLLEHKN PACCEUBAIOLLUUX CBOUCTB AHTEHH
B UX BNIMXKHEW 30HE B BE33XOBOW KAMEPE
l0.U. Benos
HayuyHo-nccnegoBaTenbCkmii pagmou3nNYeckun MHCTUTYT HXeropoackoro rocyaapCTBEHHOMO YHUBEPCUTETA UM.
H.N. NNo6ayeBckoro

PACYET BEPOATHOCTU OBHAPYXEHUA UICTOYHUKA UMNYNIbCHOIO PAOAUOCUTHATA

MENEHTATOPOM B PEAJIbHbIX YCNOBUAX MOPCKUX NOJIMTOHOB U CNOCOBLI EE YBEINTUYEHUA.
3.C. buprokoB

Hwxeropoackuin rocyaapCTBEeHHbIN TEXHUYeCcKnin yHmuepcuteTt nm. P.E. Anekceesa

WCCNEQOBAHUE BO3MOXXHOCTEN NPUMEHEHMA UMUTALIMOHHOIO MOAENTMPOBAHUA MATPUYHO-
BEKTOPHOIO YMHOXEHUA ANA OLUEHKU TOYHOCTU PABOTbI MCKYCCTBEHHbLIX HEUPOHHbIX
CETEW B YCNOBUAX MNOMPELUHOCTU MEMPUCTUBHbLIX YCTPONCTB

U.A. BopaaHos, C.A. LLlaHukoB
Mypomckun MHCTUTYT (cbmnuan) peaepanbHOro rocyaapCTBEHHOrO BIOMKETHOrO 06pa3oBaTENbLHOMO yYpexaeHns
BbICLLEro 06pa3oBaHusa «Bnagumupckmi rocyaapcTBEHHbIN YHUBEPCUTET MMeHN AnekcaHgpa [puropbesuya u
Hwukonas MNpuropbeBnya CTONETOBLIXY

MHBEPCHbIV ®UNbTP NOOABJIEHMA BEOKOBbIX NIEMECTKOB COCTABHOIO KOOA BAPKEPA 7x11
H.M. Oemupgos, B.A. CbAHOB
Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYECKNA yHuBepcnuteT nm. P.E. Anekceesa

U3MEPEHUE OTHOLUEHUA CUTHAN-WWYM B LULUPOKOM OUAMA3OHE YACTOT
A.B. 3eHbKoBMY
Hwxeropoackui rocyaapcTBeHHbIN TEXHUYECKMn yHnBepeuteT um. P.E. Anekceesa

MOAENb HABEOEHUA MPOTUBOPAONONIOKALIMOHHOW PAKETbI HA LIENIb, COCTOSILLYIO U3 OBYX
WOEHTUYHBLIX PAOUONTIOKALMOHHbIX CTAHUUIA
A.N. KazbmuH, A.B. Psi6oB, IN.10. KopenaHoB
BoeHHbI y4ebHOo-Hay4YHbIN LeHTp BoeHHO-BO3ayLHbLIX cun «BoeHHo-BO3ayLLHas akagemus
um. npocp. H. E. XKykosckoro u 0. A. MarapuHa»

CNOCOB COBMECTHbIX UBMEPEHWUN 3NEKTPO®U3NYECKUX MAPAMETPOB MHOIOCJITONHbIX
OUINEKTPUYECKUX U MATHUTOOAUINEKTPUYECKUX MATEPUAIIOB U NMOKPbLITUNA
A.WN. KasbmuH, MN.A. PegtoHunH, B.A. MaHuH
BoeHHbI y4ebHo-Hay4YHbIN LeHTp BoeHHO-BO3ayLHbLIX cun «BoeHHo-BO3ayLLHas akagemus
um. npodp. H. E. XKykosckoro u 0. A. MarapuHa»

UCCNEONOBAHMUE BNUAHUA UBMEHEHUN ®A3bl U AMMNINTYAbI TOKA,

U3rMBA AHTEHHOW PELLUETKN HA EE AUATPAMMY HANPABJNEHHOCTU
A.C. KyzseB

Hwkeropoackuim rocyaapCTBEHHbIN TEXHUYeCKUn yHuBsepcutet um. P.E. Anekceesa

ABTOMATU3ALNA UMINYNNIbCHOIO UCTOYHUKA NMUTAHUA NMPOJIETHOIO KITMCTPOHA
C.E.TycTtoB, U.M. JleTaBuH

Hwkeropoackuin rocyapCTBEHHbIN TEXHUYeCKun yHusepeuteT um. P.E. Anekceesa
K.B. MuHeeB

UHcTuTyT npuknagHon pusmku nm. A.B. NanoHosa-I pexoBa Poccuiickon akagemMumn Hayk

PA3PABOTKA CXEMbl USMEPEHUA AMIMITUTYOHbLIX N ®A30BbIX XAPAKTEPUCTUK KITUCTPOHA
N.B. BaHoypkuH

Hwkeropoackuin rocyapCTBEHHbIN TEXHUYeCKun yHusepeuteT um. P.E. Anekceesa
N.M. lletaBuH, K.B. MuHeeB

UHcTuTyT npuknagHon dpusmkm nm. A.B. ManoHosa-IpexoBa Poccuiickon akagemmumn Hayk



MPOBJIEMbI PACINMPOCTPAHEHUA CYBTEPAIEPLIOBbLIX BOJIH B ATMOC®EPE
K.B. MuHeeB

WHCTUTYT NpuknagHon counaunkn um. A.B. ManoHosa-I pexoBa Poccunckon akagemum Hayk
B.A. CanbkoB

Hwxeropoackuin rocyaapcTBeHHbIN TEXHUYEeCKnin yHuBepcnuteT nm. P.E. Anekceesa

PAONO®OTOHHBbIN ®A30BbIA NENEHTATOP C UBMEPUTEJIEM JONNEPOBCKOIO CABUIA YACTOThI
PAOUOCUTHANA

E.A. MuxanuubiH
dunmnan POAU-BHNNOSD «<HUMNC um.KO.E. CegakoBay

PA3PABOTKA AITTOPUTMA NOCTPOEHUA KAPTbI BbICOT U MAKETA MOCAQO4YHOIO PAOAPA BIIA
OnsA Ero PEAIM3ALUA

C.E. Ky3HeuoB, A.A. Ky3uH, P.C. ®apgees, K.[1. loruHoBa, H.C. MupowuH
Hwxeropoackuii rocygapcTBEHHbIN TeXHUYeCKun yHnsepcutet nm. P.E. Anekceesa

UCCNENOBAHUE XAPAKTEPUCTUK OUATPAMMbI HANPABNEHHOCTU CUHTE3UPOBAHHOW
AMEPTYPbI NP CTYYAUHOM XAPAKTEPE NEPEMELLEHUA AHTEHHbI

A.0. Muxannos, A.B. MAKUHbKOB
Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYeCckun yHusepeutet um. P.E. Anekceesa

AHTEHHO-®UOEPHAA CUCTEMA PAODUOUHTEP®EPOMETPA CYBMUNINMMETPOBOIO OUAMA30OHA
E.l0. NanHynuHa, B.H. UkoHHuKoB, H.C. KopHeB, A.B. Hazapos

depgepanbHoOe rocygapcTBeHHOe yHUTapHoe npeanpusatme «Poccuiickun ®egepanbHoli AgepHbin LieHtp —

Bcepoccuiicknin HaydHo-MccnegoBaTtenbcknini UHCTUTYT OKkcnepuMeHTanbHon ®Ounsmnku”

PA3PABOTKA MUC NMPUEMONEPEOATYUKA MUNTTNTIMMETPOBOIO OAUAMNA3O0OHA OJTMH BOJH
O.WU. Owokos, U.B. MakapueB
AKumnoHepHoe 06LecTBoO «Hay4yHo-nNpon3BoacTBeHHOE NpeanpuaTne «CanoT»
A.B. Hazapos, P.P. OcmaHoB, B.10. LlapeB
depepanbHOe rocygapcTBeHHOE yHUTapHoe npeanpuatne «Poccunckumn ®enepanbHbii AgepHbin LieHTp
Bcepoccuiickuin Hay4Ho-uccnenoBaTenbCKUn MHCTUTYT 3KCMEPUMEHTANBHON (OU3NKNY,

UCCNEOQOBAHMUE ONTUYECKON NUHUU 3AOEPXKN HA OCHOBE BOJIOKOHHbIX BPArrOBCKUX
PELLETOK C MNOMOLLbIO BEKTOPHOIO AHANU3ATOPA LIENEN

M.C. OnbxoBa, A.C. PaeBckun
Hwxeropoackunin rocyaapCTBEHHbIN TEXHUYECKUA yHuBepcuteT nm. P.E. AnekceeBa

ONTUMU3ALUA MATHUTHOU CUCTEMbI TMPOTPOHHOIO KOMMNEKCA
A.A. Opnosckuin, M.[1. MposBuH

UHcTUTYT npuknagHon gpusmkn um. A.B. NanoHosa-Ipexosa PAH
10.C. depgoceHko

Borkckun rocygapCcTBeHHbIV YHUBEPCUTET BOAHOIMO TpaHcrnopTa

U3MEHEHUE NAPAMETPOB NMEHOYHbIX NMOrNMOLLAIOLWNX ANEMEHTOB NO4 OEUCTBUEM
MMNYJIbCHOW MOLLHOCTH

A.B. NunbkeBuny, B.[1. CagkoB
Hwxeropoackuin rocyaapCTBEHHbIN TeXHUYeckun yHusepcutet uM.P.E. Anekceesa

NOrMoOLWAKLWKUE INEMEHTbI ADANTOATEHKOATOPOB C BOJIbLUMM KO3®OULIMEHTOM
TPAHC®OPMALIUU

A.B. NunbkeBuy, B.A. CagkoB
Hwxeropoackmi rocyaapCTBEHHbIN TeXHUYecknn yHusepcutet uMm.P.E. Anekceesa

BOMNPOCHLI KOMINbKOTEPHOIO MOOENIMPOBAHUA OTBETBUTENA NAHIE
C MAKCUMAJIbHO BO3MOXHbIM NMEPEKPLITUEM MO YACTOTE
M.P. KupunnoBa
000 «Paguo N'radbut»
}0.B. PaeBsckas’, B.A. PeabkuHa®
Hwkeropoackuin rocyaapCTBEHHbIN TeXHUYeckun yHusepcuteT nm.P.E. Anekceesa



NMPUMEHEHUE MOAYNEN LULMOPOBOU OBPABOTKU CUTHANOB U HEMPOHHbIX MPOLIECCOPOB ONA
NMPEAOBPABOTKU 3KCNEPUMEHTAJIbHbIX JAHHbLIX
MN.A. CmonuH
WHcTuTyT npuknagHon dpusuku nm. A.W. NanoHosa-Ipexosa PAH»
10.C. denoceHko
Bormxckuin rocyaapcTBeHHbIN YHUBEPCUTET BOAHOMO TpaHcropTa

NMPOEKTUPOBAHUE U ONTUMU3ALUA MAPAMETPOB OTKNIOYATENA CAHTUMETPOBOIO
OUWANA3OHA

Nn.Aa. Xanumua, U.H. JaHnnos
dunmnan POAL-BHUNID «HUNNC um. KO.E. CepakoBa»

CEKLUUA 2
QNEKTPOHHbBIE CETU U TENEKOMMYHUKALIUU
2 nroHa 10-00 (Aya. 4311)
Mpencepatens: A.T.H., poueHT H.KO. babaHos
CekpeTapsb: ct. npen. HO.C. Eropos

AKTYAJIIbHOCTb COBEPLUIEHCTBOBAHUA UH®OPMALIMOHHOIO U TEXHUYECKOIO OBECINEYEHUA
PAOUOKOHTPOIA 3A YCTAHOBJIEHHbBIM NMOPAAKOM NEPEAAYUN MHOOPMALIUN

B.A. Be3psavH
BoeHHbI y4ebHo-Hay4YHbIN LeHTp BoeHHO-BO3ayLHbLIX cun «BoeHHo-Bo3ayLLHas akagemus
um. npodcp. H. E. XXykosckoro n 0. A. larapuHa»

nogxopn K OULEHKE rOTOBHOCTU PECYPCA CUCTEMbI CBA3U K OBECMNEYEHUIO HEMNPEPLIBHOCTU
YNPABNEHUA NONETAMW rOCYOAPCTBEHHOW ABUALIMU
C.C. benoycos, N.A. ®eaoHuH, M.A. CtadeeB
BoeHHbIl y4ebHO-Hay4YHbIN LeHTp BoeHHO-BO3ayLHbLIX cun «BoeHHO-BO3ayLLIHas akagemust
um. npodp. H. E. XKykosckoro u tO. A. MarapuHa»

NMPUMEHEHUE CETEOPUEHTUPOBAHHOI'O NMOAXOAA NPU OLEHKE YMPABNAEMOCTU CUCTEMON
CBA3N N PAOUOTEXHUYECKOIO OGECMNEYEHUA NOJIETOB FOCYOAPCTBEHHON ABUALIUN
C.C. benoycos, .A. ®eatoHuH, M.A. CtadeeB
BoeHHbI y4ebHOo-Hay4YHbIN LeHTp BoeHHO-BO3ayLHbLIX cun «BoeHHo-BO3ayLLHas akagemus
um. npocp. H. E. XXykosckoro n 0. A. MarapuHa»

OCOBEHHOCTU OLEHKW YNPABNAEMOCTU CUCTEMbI CBA3UN U PAODUOTEXHUYECKOIO
OBECNEYEHUA NOJNIETOB FOCYAAPCTBEHHOW ABUALUK C YYETOM CTENEHU NETMTUMHOCTU
LEHTPOB YMNPABJIEHUA

C.C. benoycos, N.A. ®eatoHuH, M.A. CtacheeB
BoeHHbI y4ebHOo-Hay4YHbIN LeHTp BoeHHO-BO3ayLHbLIX cun «BoeHHo-BO3ayLLHas akagemus
um. npodp. H. E. XKykosckoro u 0. A. MarapuHa»

nogxonbl K NOCTPOEHUIKO CUCTEMBI CBA3UM ABUALUMOHHOIO ®OPMUPOBAHUA B COBPEMEHHDbIX
YCINoBUAX
B.U. BonkoB, ®.M. MoHTeHerpo
BoeHHbI y4ebHO-Hay4YHbIN LeHTp BoeHHO-BO3ayLIHbLIX cun «BoeHHO-BO3ayLLIHas akagemust
um. npocp. H. E. XXykosckoro n 0. A. MarapuHa»

PA3PABEOTKA CPEACTBMNPUHATUSA PELULEHMAONA BbIBOPA ONMTUMAJIIbBHON MHOTOMEPHOM
MHOEKCHOM MoAaynsauum (IM) B CETAX5G

T.U. F'opsiueBa, C.A. 3arnymoHuH, A.A. N'paguneHko, [1.0. Kapcakos, B.O. Bnacos
HwxeropoAckuin rocyaapCTBEHHbIN TEXHUYeckun yHusepcutet um. P.E. Anekceesa

OCOBEHHOCTU PA3PABEOTKU MUKPOCEPBUCHOW APXUTEKTYPbl UHHOBALMOHHbIX
MH®OPMALMUOHHBIX CUCTEM

l0.C. Eropos, C.H. PuiHpoB, [I.A. BannH6aym
Hwkeropoackuin rocyaapCTBEHHbIV TEXHUYEeCKUI yHuBepcuTeT uM. PE. Anekceesa



WCCNEQOBAHUE ®OPMUPOBAHUA CBOEOAHOIO NPOLIECCA B PE3OHAHCHOW LLEMHOW NTIUHUMK
C.C.3enbmaHoB
Hwxeropoackuin FocyaapCcTBEHHbIN TeXHUYECKNA yHuBepeuTteT um P.E. Anekceesa

PA3PABOTKA NPOrPAMMHbIX MOAYNEA NOOAEPXKU MPUHATUA PELLEHUA HAYANbHUKA CNYXBbI
PAOWOINEKTPOHHOW BEOPbBEbI ABUALIMOHHOIO COEAUHEHUSA
N.10. KypbsaHoB
BoeHHbIN y4eBHO-Hay4YHbIN LLEHTP BOEHHO-BO3AYLLUHbIX C1n « BoeHHO-BO3AyLIHAsA akageMuns
nmeHun npogeccopa H.E. XKykosckoro n KO.A. MarapuHa

AHAIN3 MEXAHU3MOB MOBbILWLEHUA KAYECTBA OECIY)XXUBAHUSA ONSA CETEN 5G
M. A. MoposoB
Hwxeropoackuin rocygapcTBeHHbIN TEXHUYECKUn yHuBepcnuteT nm. P. E. Anekceesa

METO[bI U BUBITMOTEKN PACNO3HABAHUA UMEHOBAHHbIX CYLWHOCTEW B TEKCTE (NER),
OCHOBAHHbIE HA MALULMHHOM OBYYEHWUU, ANA LENEW ONPEAENEHUA TEOMPA®UYECKNX
NOKALMA

N.0. Xpuctodopos, H0.C. Eropos, H.E. Noco6unos
Hwxkeropoackui rocyaapcTBeHHbIN TeXHUYeckui ynmsepcuteT um. P.E. Anekceesa

CPABHUTENbHbLIA AHANNU3 COBPEMEHHbIX
MHPOPMALIMOHHO-NMOUCKOBbLIX CACTEM

B.M. Yucrobaes, H.E. Nocobunos
Hwxeropoackui rocyaapcTBeHHbIN TEXHUYECKUn yHnsepeuteT um. P.E. Anekceesa

ONTUMM3ALINA NOKAIATEJIEW MOMEXOYCTONYUBOCTHU
CETW ABUALIMOHHOW PAIMOCBA3U
A.B. Ps6oB
BoeHHbIl y4ebHO-Hay4YHbIN LeHTp BoeHHO-BO3ayLHbLIX cun «BoeHHO-BO3ayLLIHas akagemust
um. npodcp. H. E. >Xykosckoro n 0. A. larapuHa»

NMOBbILWEHUE MOMEXOYCTONYMBOCTU NHOOPMALIUN
NP NEPEOAYE NO HEHAOQEXHOMY KAHANY
A.B. Cemawuko, A.l. AGakLIuH
Hwkeropoackui rocyaapcTBeHHbIV TeXHNYeckni yHusepcuteT um. P.E. Anekceesa

AKTYAINIbHOCTb NPUMEHEHNA ABTOMATU3UPOBAHHOI'O YNMPABJIEHUA
B PAOUOTEXHUYECKOM OBECIMNEYEHUU NOJIETOB
B.A.CemeHoB, A.l'. UBaHyTKHMH, B.B. NepeBep3eB
BoeHHbI y4eOHO-Hay4YHbIN LeHTp BoeHHO-BO3ayLHbLIX cun «BoeHHo-BO3ayLLIHas akagemust
um. npocp. H. E. XKykosckoro n 0. A. MarapuHa»

CPABHUTENbHbIA AHAINU3 METOAOB MALUMHHOIO OBYYEHUA ANA 3AAAY KITACCU®UKALIUMN
AAHHbIX

E.B. CugopoBa, H. 1. BonbluakoB.
HwxeropoAcknin rocyaapCTBEHHbIN TEXHUYeCcKuin yHusepcuteT uMm. P. E. Anekceesa

PA3PABOTKA MHTEPAKTUBHOIO TPEKEPA ONA OTCIEXWBAHUA OB BEKTOB
E.B. CunpopoBa, U. A. Kopones
Hwxeropoackui rocyaapCTBEHHbIN TEXHUYECKun yHusepcuteT uM. P. E. Anekceesa

PELUEHUE 3A0AYUN KATEFOPU3ALIMU NONb3OBATENEN BEB-CEPBUCA
METOOAMU MALLULMHHOIO OBYYEHUA

E.B. CugopoBa, H. 1. YepHbiwoB
HwxeropoAckmin rocyaapCTBEHHbIN TEXHUYecKuin yHusepcuteT uMm. P. E. Anekceesa

OBOCHOBAHWUE METOOA OLIEEHKU TEPPUTOPUANIbHOW HAOEXXHOCTU COTOBOM CBA3U HA
PETMOHAJIbHOM YPOBHE
10.M.TynsikoB,
Hwkeropoackui rocyaapCTBEHHbIN TEXHUYECKUn yHusepcuteT uM. P.A. Anekceesa,
Bonro-Bsartckun dpunuan MoCKOBCKOro TEXHUYECKOro YHUBEPCUTETA CBA3U U MHADOPMATUKA
N.P..Knpunnos,
Hwkeropoackuin rocyapCTBEHHbIN TEXHUYECKUn yHuBepcuteT um. P.A. Anekceesa
O.E. WakapoB
MAO «HUTEI»



ONPEQENEHWE METOOMK U CTOCOBOB OLEHKU HAOEXXHOCTU NOABWXXHOWN PAOUOCBA3U NPU
PA3JIMYHbIX NMPUHUMUNAX (BUOAX) EE OPTAHU3ALIU
F0.M. Tynskos,
Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYECKUn yHuBepcuteT nm. P.A. Anekceesa
Bonro-Bsatckuin omnuan MOCKOBCKOrO TEXHUYECKOro YHUBEPCUTETA CBA3U U MHGOPMAaTUKN
A.B. MNpoHuH
AO «KoHcTpykTOopckoe 61opo «KyHLEBO»
0.E. WakapoB
MAO «HATEN»

noaxoa K OLLEHKE 3®®EKTUBHOCTU PAOUOTEXHUYECKOIO OGECINEYEHUSA MNONETOB ABUALIUN
B.C. ®eatoueHko

BoeHHbIn y4ebHO-Hay4YHbIN LeHTp BoeHHo-BO3ayLHbIX cun «BoeHHo-BO3ayLLHAA akageMmsi MMeHu npodeccopa

H.E. XXykoeckoro u HO.A. lNarapmHa»

PA3PABEOTKA CUCTEMbI KOHTPOINA r’MAPOTEPMUYECKUX MAPAMETPOB O5nA NOAaEPXAHUA
KOM®OPTHbIX MUKPOKITMUMATUYECKUX MAPAMETPOB B «YMHOW» NTULE®ABPUKE

LLamacHa Xam3a
Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYeCckun yHusepeutet um. P.E. Anekceesa

CEKLUA 3
MHPOPMALIMOHHbLIE TEXHOJIOIMU (MHTennekTyanbHble cUCTEMbl 06paboTKM
nHdpopmaunmn, nHopmaumoHHass 6e30NacHOCTb)
2 nona 10-00 (Aya. 4403)
Mpeacepatenb: K.T.H., goueHT O.1. Tumodpbeesa
CekpeTapsb: maructpaHT M.A. [ly6kosa

MOAND®UKALINA CTETAHOTPA®UNYECKOIO METOOA KBAHTOBAHUA U3OBPAXEHUA ONA
YBEITMYEHNA OBbLEMA BCTPAUBAEMOI'O COOBLLUEHUA

A.0.Beno., B.KO.Kapnbiues
Hwxeropoackui rocyaapcTBeHHbIN TEXHUYeCKMn yHnsepeuteT um. P.E. Anekceesa

OLEHKA YPOBHA UH®OPMALIMOHHOW BE3OMNACHOCTU KUBEP®U3UYECKUX CUCTEM
B.B. By3oBeps, B.l1. XpaHunos

Hwxeropoackui rocyaapCTBEHHbIN TEXHUYECKun yHusepcuteT uM. P. E. Anekceesa
0O.M. KupoBckui, A.C. Koponés

MWP3A — PoccuMNCKUI TEXHONOMMYECKNA YHUBEPCUTET

META3BPUCTUYECKUE ANTOPUTMbl CUHTE3A BUHA3HAYEHUN
WU.B. lNyces, 10.C. ®egoceHko
Borkckuin rocygapCTBeHHbIN YHUBEPCUTET BOOHOMO TpaHcnopTa

PA3PABOTKA CUCTEMbI 3ALLMLLEHHOIO AOKYMEHTOOBOPOTA
M.A. Oy6koBa, O.I. TumodeeBa
Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYeCkun yHusepcutet um. P.E. Anekceesa

CUCTEMA OBPABOTKU BUOEOIMNOTOKA CSI KAMEPbI C UCIMOJIb3BOBAHUEM SOC ZYNQ 7000 (Xilinx).
O.H. KopenuH, B.B. Kanns, [1.A. KobnskoB
Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYeCkun yHusepcutet um. P.E. Anekceesa

CUCTEMA ABTOMATUYECKOIO KOHTPOOA U AHATNTU3A OAHHBIX
HA OOQHOIMJIATHOM KOMMbIOTEPE
O.H. KopenuH, A.[l. Kynuos, [1.A. Ko6nsikoB
HwxeropoAckui rocyaapCTBEHHbIN TeEXHUYeckun yHusepcutet um. P.E. Anekceesa

ANrOPUTM MOAEHTU®UKALMN ANEMEHTOB NMUTAHUA HA PEHTTEHOBCKUX M3OBPAXXEHUAX C
NMPUMEHEHUWEM METOOOB rMyBOKOINo MALLMHHOIO OBYYEHUA

A.A. KopoTbiwesa, C.H. Xykos
Hwxeropogckuii rocyaapcTBeHHbI yHuBepceutet um. H.U. NobaveBckoro
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OnbIT PEANIU3ALMU FTEHEPATOPA NMCEBOOCNYYAUHbIX YUCEN B CUCTEMAX OGECMNEYEHUA
MHO®OPMALIMOHHOU BE3ONACHOCTU ABTOHOMHbIX MOABMXHbIX OB BEKTOB

A.A. Kput, E.[l. Kopa6bnes, B.U. IlornHos, H0.C. ®egoceHko
Bormkcknin rocygapCTBeHHbIN YHUBEPCUTET BOAHOMO TpaHcnopTa

MATEMATUYECKOE OBECMNEYEHUE A9 CUCTEMbI NOAOEPXKU NPUHATUA PELLEHUA NO
OBCITYXUBAHUIO KOOMNEPATUBHO OPTAHU3OBAHHOIO NOTOKA OB BbEKTOB CTALUMOHAPHBIM
MPOLIECCOPOM

A.A. OBYMHMH, H0.C. ®epgoceHko
Borkckuin rocyaapCTBeHHbIV YHUBEPCUTET BOAHOIO TpaHcrnopTa

NMPUMEHEHUE NCKYCCTBEHHOIO MHTENNEKTA ANd ABTOMATU3ALWN NPOLIECCA TECTUPOBAHUA
MPOrPAMMHBIX MPOOYKTOB

3.C. CokonoBa, [J. M. )KXono6os
Hwxeropoackuin rocygapcTBeHHbIN TEXHUYECKNn yHuBepcnuteT nm. P. E. Anekceesa

OMPEOENEHUE KNABUATYPHOI'O NOYEPKA C NMOMOLLUBIO AIITOPUTMA G-MEANS U NEPCENTPOHA
0O.B. Cypnakos, [1.B. imutpues
Hwkeropoackuin rocyaapcTBeHHbIA TeEXHUYeckn yHusepeuteT um. P. E. AnekceeBa

BbIBOP K OBOCHOBAHME NMOKA3ATENA ANA OLEHKUA 9®®EKTUBHOCTU YMNPABIEHUA
SALLMLLEHHOCTbO MH®OPMALIMOHHbIX PECYPCOB ABTOMATU3UPOBAHHbLIX CUCTEM
CNEUMANBbHOIO HASHAYEHUA OT BUPYCHbIX ATAK

P.A. XBopoB
BoeHHbIl y4ebHO-Hay4YHbIN LeHTp BoeHHO-BO3ayLHbLIX cun «BoeHHo-BO3ayLLIHas akagemust
um. npocp. H. E. XKykosckoro n 0. A. MarapuHa» (r. BopoHex)

3ODEKTUBHbLIA NOABEOP CTOXACTUYECKUX MAPAMETPOB NAPANJENbHbIX NONYNALUNOHHbIX
AINrOPUTMOB N UX BIIMAHUE HA KAYECTBO PELLEHUA

A.B. YepHukos, B.A. YekaHuH
®re0yY BO «MI'TY « CTAHKUH»

CEKUUA 4
TEXHUYECKAA KUBEPHETUKA (uHTennekTyanbHble cUCTeMbl ypaBrieHus,
MHdOpMaLnOHHOE MoaeNMpPOBaHMe KOrTHUTUBHbIX NPOLEeCCOoB, aBTOMaTU3aLus
NPOEeKTUPOBaHUs)
2 oHa 10-00 (Aya. 5412)
Mpencepatens: A.T.H., goueHT [.B. XXesHepuyk
CekpeTapeb: poueHT IN.C. Kynsacos

MOJLENb MHTENJNIEKTYANbHOIO YNPABJEHUA NPOLLECCOM OBYYEHUA HEMPOHHbLIX CETEU
P.O. BapuHos, B.E. l'an, I'.A. Ky3Heuos, B.A. Nlony6eHko, U.A. HoBukoB
Hwkeropoackuin rocyaapCTBEHHbIN TEXHUYeCKun yHusepcutet um. P.E. Anekceesa

O NMPAKTUYECKUX NOAXOAAX K CO3OAHUIO BUPTYAJIbHbIX TPEHAXXEPOB HA BA3E TEXHONOIMMA
BUPTYAIIbHOM N AONONIHEHHOW PEANIbHOCTH

A.O. bopoBunos
Bormkcknin rocyaapCTBEHHbIN YHUBEPCUTET BOAHOIO TpaHcnopTa

onNTUMN3ALUNA NPOLIECCA YNPABITEHUA PUCKAMU B MHOITOYPOBHEBbBIX KOPMOPATUBHbIX
CUCTEMAX

0.C. BpaTyxuH
HI'TY um. P.E. AnekceeBa, HmxHuin HoBropog

OLUEHKA PUCKOB r'MBEJNI1 PEHHOI'O MACCAXXUPCKOIO BOOOU3MELLAKOLWEIO CYOHA AnA
CUCTEMbI NOOAEPXKN NPUHATUA PELLEHWUA NPU YIPO3E 3ATOMJIEHUA

A.B. Banses, E.A. IlykuHa, 10.C. ®enoceHko
Borkckuin rocyaapCcTBeHHbIN YHUBEPCUTET BOOHOIO TpaHcrnopTa
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OnbIT PEANIU3ALMU OONONHEHHOW PEANIBHOCTU NPU YNPABIIEHUU OBUXEHMEM CYOHA NO
KYPCY B CTECHEHHbLIX HABUTALUUOHHbIX YCITOBUAX

P.3. NaneeB
Bormkcknin rocygapCTBeHHbIN YHUBEPCUTET BOAHOMO TpaHcnopTta

O TEXHONOINU YNPABJNEHUA 9NEKTPONOTPEBNEHUEM U 3NEKTPONEHEPALIMEN KPYU3HOIO
TENJIOXOOA

C.B. NyuwkoB, A.B. ConoBbeB, l0.C. PegoceHko
Borkckuin rocyaapCTBEHHbIV YHUBEPCUMTET BOAHOIO TpaHcrnopTa

OoNnTUMU3ALNA KAHECTBA CKBO3HbIX FTEHEPATUBHbIX
MOAENEN ANA 3A0AYU PEKOHCTPYKLUU PEYM

B.A. N'ony6eHko, P.O. BapuHoB, B.E. INan, I'.O. KyaHeuos, U.A. HoBukoB
Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYeCcKnin yHuBepcuteT nm. P.E. Anekceesa

MH®OPMALIMOHHO-CEHCOPHbIV NOAX0A K YNIPABJIEHUIO
MEPAPXWYECKUMU OPTAHU3ALUUOHHbLIMA CUCTEMAMU

M.A. Uenes, [.E. Pa6oB
Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYeCkun yHusepeutet um. P.E. Anekceesa

MOAENb ABTOMATUYECKOW KINACCUDUKALINK CETEBbIX NMPUNOXXEHUIA
r.0O. KysHeuos, B.E. INan, P.O. BapuHoB, B.A. Nony6eHko, U.A. HoBukoB
Hwxeropoackui rocyaapcTBeHHbIN TeEXHUYeckun yHneepeuteT um. P.E. Anekceesa

MHTENNEKTYANIbHOE NPOMHO3UMPOBAHUE MNPOBJIEMHbLIX COCTOAHUN TEXHUYECKUX U

TEXHONOMNYECKUX OB BEKTOB HA OCHOBE NMPOrHOCTUYECKUX MOAENEW BbIYUCIIEHUNA
C.A. MaHuepoB

Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYECKUI yHuBepcuteT um. P.E. AnekceeBa

ABTOMATHBIE MOOENN OBPABOTKU OAUArHOCTUYECKON NHO®OPMALIUA
0.C. MapTbiHOB
Hwxeropoackui rocyaapcTBeHHbIN TEXHUYeCKMn yHnsepeuteT um. P.E. Anekceesa

CUCTEMbI NOAQEPXXKW NPUHATUA PELLEHUA B 3AOAYAX MOHUTOPUHIA U YNIPABNEHUA
0.C. MapTbiHoB, W1.3. LLanknHa, A.A. KomapoBa
Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYECKUn yHuBepcuteT nm. P.E. Anekceesa

ABTOMATHbIE MOAENN YNPABNEHUA BUOHUYECKUM NMPOTE30M
0.C. MapTtbiHoB T.A. OyaykuH, O.C. NlonuuuH, M. AwHoB
Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYeCKM yHuBepceuteT M. P.E. Anekceesa

XXW3HEHHbIA LUK U UHCTPYMEHTAPUU KOHCTPYUPOBAHUSA TUMOBOIO CLEHAPUSA PABOTbI
ABTOMATU3UPOBAHHON CUCTEMbI

MN.C. Kynscos, I1.B. Mucesuy, E.H. NMaHkpaToBa, B.I1. XpaHunos
HwxeropoAckui rocyaapCTBEHHbIN TEXHUYeCckuin yHusepcutet um. P.E. Anekceesa

MOEHTU®UKALMA MOOENN BbIBOPA MOBUIIbHOIO TAIXKETA
MO TEXHUWYECKUM U NOTPEBUTENbCKUM XAPAKTEPUCTUKAM
C.B. NoHomapeHko, B.I. XpaHunos
Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYeckun yHusepcutet um. P.E. Anekceesa

OVNHAMUKA ONPEAENEHUNA HAYYHbIX MOHATUNA (HA MATEPUATINE TEPMUHOB ®UTIOCODUN)
A.B. CuHeneBa
Hwxeropogckuin rocygapCcTBeHHbIN yHuBepeuteT um. H.W. Jlobauesckoro

NMPUMEHEHUE TEXHOJIOMMMN TIPA®OBbLIX BA3 OAHHbIX ANA CBOPKU MHOIMOKOMMOHEHTHbIX

CUCTEM
H.M. LiBeTkoB, I.C. Kynsacos
Hwkeropoackuin rocyapCTBEHHbIN TEXHUYeCkM yHuBepcuteT M. P.E. Anekceesa
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CEKLUUA 5
MATEMATUYECKOE MOOEJNIMPOBAHUE
FTEEO®PU3INYECKUX NMPOLIECCOB
30 maa 10-00 (Aya.1117)
Mpencepatens: A.¢.-M.H., npodeccop A.A.KypkuH
CekpeTapb: K. d.-M.H., OOUEHT E.A. PyBuHckas

ATTPAKTOPbI IBYX MPEOBPA30BAHUA NOOOBUA NITIOCKOCTW, YOOBNETBOPAIOLIME
COOTHOLUEHUIO CBA3HOCTU AJIUHbI TPU

A.B. baraes, A.U. ConoBbeBa, l0.A. flueHko
Hwxeropoackuii rocygapcTBEHHbIN TeXHUYeCckun yHnsepcutet nm. P.E. Anekceesa

MPEMPOLECCOP NAKETA NMPOIrPAMM NIOIroC. BO3MOXXHOCTU NOCTPOEHUA OB BEMHbBIX CETOK
OnAa PELWWEHUA 3A0AY A3PO- U TMgPOOAMHAMUKNA

K.A. BnaxHoBa, O.H. Bopucenko, A.I'. TmHnaTynnuHa, M.B. Ky3bmeHko, H.B. NMonoBa,

M.B. YepeHkoBa, H.B. YyxmaHoB
dryn «PoAL-BHNNIS D »

MOOENMUPOBAHWE COYOAPEHUU OE®OPMUPYEMbIX TEN METOAOM CrMAXEHHbIX YACTUL
n.4. bnaxHos, [.H. Kabaes, 10.H. eptorun, C.H. Monuwyk, E.U. Pa6os
Oryrn «PoAL-BHNNI D »

YUNCNEHHOE UCCINNEOQOBAHUE B NMAKETE MPOIrPAMM «J1IOIFOC» BIIMAHUA OUAMETPOB KAMNEJb
BOAObl HA NPOLEECC OBJIEOEHEHUA NPO®UNA KPbIJTA NACA0012

FanaHoB H.I'., KozenkoB A.C.
dryn «PeoAL BHANID»

BO3MOXHOCTU MNOCTPOEHUA NOBEPXHOCTHBIX CETOK B PAMKAX MOANOTOBKU PACYETHbIX

MOMENEW NPU PELLEHUU 3A0AY ASPO- U TMOPOONHAMUKU B MAKETE NMPOrPAMM «JIOFOC»
E.O. EBctudeena, O.H. BopuceHko, [.M. MaHkpartos, T.B. Llanko, A.U. LlaBxutanHoBa

Oryrn «PoAL-BHNNI D »

METOAbl AHAJIM3A KAYECTBA HECTPYKTYPUPOBAHHBIX CETOK U3 MPOU3BOJIbHbIX
MHOIOrrAHHUKOB OnA MOOENMPOBAHUA 3AO0AY ASPO- U TMOAPOOUMHAMUKA B NAKETE
MPOIrPAMM «JIOIFOC»

M. B. Ky3bmeHko, O. H. BopuceHko, K. A. bnaxHoBa, T. E. TumaeBa
dryn «PoAL-BHNNI®»

YNYYWEHUE KAYECTBA AYEEK NMPU NOCTPOEHUU MNOBEPXHOCTHbIX TPEYIOJIbHbIX CETOK B
MPEMNOCTMNPOLECCOPE NAKETA NMPOINrPAMM «J1IOIOC» ONA PELUEHUA 3A0AY ASPO- U
rmopPoaHAMUKA

O.M. NMaHkpaToB
Oryr «PoAL-BHNNIS®»

YUCNEHHOE UCCNEOQOBAHUE BNUAHUA BOAHOW NOBEPXHOCTU HA TMAPOAUHAMUYECKUE
XAPAKTEPUCTUKU TFPEBHOIO BUHTA
K.C. NnebiryHoBa, A.C. Koszenkos, B.B. KypynuH
®ryrn poAU-BHNNIS®
HwxeropoAckuin rocyaapCTBEHHbIN TeXHUYeckun yHusepcutet um. P.E. Anekceesa

TPEXMEPHOE YUACJNIEHHOE MOAENIMPOBAHUE MHOMO®A3HbIX TEYEHUA CO CBOBOAHOU
MOBEPXHOCTbLIO C YYETOM NMPOLIECCOB KUMNMEHUA

A.10. MysaH, A.C. KosenkoB, B.B. KypynuH, H.B. TapacoBa
oryn PoAU-BHANI®

METOOUMKA PELUEHUA 3A0AY ASPOOAMHAMUKN C NOOBUXHBbIMU TPAHULAMU B NAKETE NMPOrPAMM
«J10roC»

A.B. CapasoB, A.C. Koszenkos, P.H. XyukoB
dryn «PoAL-BHANI®»

r’MBPUOHBLIA METOA MOAENIMPOBAHUA MOBEPXHOCTHBIX BOJTH AN PELLEHUA 3A0AY
LUYHAMMUOMNACHOCTHU
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O.A. YTkuH, B.B. KypynuH, A.C. KozenkoB
Hwxeropoackuin rocygapcTBeHHbIN TeXHUYecknin yHmuepcuteTt nm. P.E. Anekceesa,
®ryrn poAL BHAINS D

NPOABIEHUE LYHAMMU B YCTbAX PEK

N.C. KocteHko
®I'bYH CneunanbHoe KOHCTPYKTOpPCKoe Gopo CpeAcTB aBTOMAaTM3aLmMmM MOPCKUX NCCIEeA0BaHN
[anbHeBoCcTOYHOrO oTAENeHna Poccunckon akagemmm Hayk

LUYHAMUW BBNTU3N OCTPOBA CAXAITUH
OT OMNON3HA B KYPUNNbCKOW BNAOWHE
O.A.OkyHeB, P.E. MazoBa
Hwxeropoackuii rocygapcTBEHHbIN TeXHMYEeCKM yHnBepcuteT nm. P.E. AnekceeBa

METO[ HECTALIMOHAPHOW AHANOIUN B 3A0AYE O KATAMAPAHE
10.®.0pnog, A.M.CugensHukos, B.[1.lLyapuk,T.H.AkoBneBa
Hwxeropoackuin rocygapcTBeHHbIN TEXHUYECKUn yHuBepcnuteT nm. P.E.AnekceeBa

WCCNEAOBAHUE TEXHWYECKUX XAPAKTEPUCTUK NOJTMYPETAHOBbIX LMIIMHAPUYECKUX
MPOYHbIX KOPMYCOB ANA N3AMEPUTEJIbHbLIX CUCTEM B MOPCKOW CPELE

Mak A. X.
®I'BYH CneumnansHoe KOHCTPYKTOpCKOoe 6iopo cpeacTB aBTOMaTn3aumm MOPCKMX UCCNeaoBaHnm
[danbHeBoCTOYHOro oTaeneHusa Poccnickon akagemmm Hayk
Hwxeropoackui rocyaapcTBeHHbIN TEXHUYECKMn yHnBepeuteT um. P.E. Anekceesa

BU3YANTU3ALUNA U AHATTU3 NMEPEPACNPEQENEHUA SHEPTUX NMPU TPAHC®OPMALUU NAKETOB
BHYTPEHHUX BOMH HAL OOHHbLIM YCTYNOM B TPEXCITOMHOW XXWOKOCTU

H.A. CaHHukoB, O.E. KypkuHa, E.A. PyBuHckas, A.A. KypkuH
Hwxeropoackuii rocygapcTBEHHbIN TeXHUYeckun yHnsepcutet um. P.E. Anekceesa

UCCNEOOBAHME BONHOBbIX MPOLLEECCOB NMPUBPEXHbIX PAMOHOB TATAPCKOIO NPONUBA
ABTOHOMHbIMWX OOHHBLIMU PETUCTPATOPAMU BOJIHEHUA

A.N. CnpopeHko
CneumnanebHoe KOHCTpYKTOpCKoe 6opo cpeacTs aBToMaTtudauumn mopckux uccnegosandmn BO PAH
Hwxeropoackuin rocygapCTBeHHbIN TEXHUYECKUn yHmBepcnuteT nm. P.E. AnekceeBa

YUCNEHHOE MOOENMMPOBAHUE UCTOPUYECKUX
M BO3MOXHbIX LLYHAMU B APKTUKE
M. C. BuHokypos, P. X. Ma3oBa
Hwxeropoackuin rocyaapCTBEHHbIN TEXHUYECKUI yHuBepceuTeT uM. PE. Anekceesa

CTATUCTUYECKUE XAPAKTEPUCTUKN BHYTPEHHUX BOJTH B BANTUACKOM MOPE
M.B. KokoynuHa, C.A. EnudaHoB, U.B. KokoynuH, A.A. BapbikuHa
Hwxeropoackuin rocyfapCTBEHHbIN TeXHUYeCKUn yHuBepceuteT um. P. E. Anekceesa

CPABHEHUWE OUCMNEPCUM YKNOHOB BOAHOW NOBEPXHOCTU U3MEPEHHbLIX PAOVUOIIOKATOPAMU KA
n X AQUANA30OHA

O.A.KoBanpgos, K0.A. TutueHko, M.C.PsibkoBa, B.lO.Kapaes, K.A.lMoHyp, E.M.MewkoB, 3.M.3ynkoBa
depnepanbHbIn UccnegoBaTenbCkuii LeHTp HCTUTYT npuknagHon cunsmnkn Poccunckon akagemum Hayk
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YK 537.86 — 53.087.3
METO/1bI OLIEHKH PACCEUBAIOIIIUX CBOVCTB AHTEHH
B UX BJIM)KHEM 30HE B BE39XOBOM KAMEPE
10.A. besnos
ORCID: 0009-0008-9275-8818e-mail: yuri.belov2009@yandex.ru
HayuHo-uccnenoBarenbckuii paanoGu3ndeckuii ”HCTUTYT Hkeropoackoro rocyapcTBEHHOTO
yauBepcutera uM. H.U. JlobaueBckoro
B pabote paccMoTpeHBI METOIUYECKHE OCOOEHHOCTH 0OpabOTKM CHUTHAJIOB Ha BXOJaX aHTCHH,

HUCCIICAYCMBIX B 6633XOBLIX AHTCHHBIX IIOJIMT'OHAX, KOTOPBLIC MOI'YT GBITB HUCITOJB30BAHbI JId OILICHKH
pacccuBarOInx CBOMCTB aHTCHHBIX pemCTOK, B TOM YHCJIC 60JIBIJ_II/IX QJICKTPUYCCKUX PAsSMCPOB U B
IIAPOKOM JUAIIA30HC MJIMH BOJIH IMPU HAJIWYHWU B HUX COOTBCTCTBYIOUIMX INJIAHAPHBIX CKAHCPOB IJIA
u3MepeHuil B OikHEel 30He aHTeHH. V3MepeHHble S-mapameTpbl BEKTOPHBIX aHAJIM3aTOPOB Lienei Ha
BXOJI€ AHTEHHBI-30H]]a OYMILAIOTCS B MPOIEIype KOMIUIEKCHOTO BBIUMTAHUSI PACHpPENEICHUs CUTHAJIOB
¢donoBoro otpaxenuss ot noepxHocTedl BOK, okpyxkarommx aHTeHHbl. AHaIU3UpPYETCS IOBEIECHUE
BPEMEHHBIX PSAJOB M3MEPEHHBIX JAHHBIX, @ TAK)KE UX BIMSHUE Ha MPOCTPAHCTBEHHOE pacIpelleieHHe
MOJIEN pacCessHUSI aHTCHH.

Knrwouesvie cnoga:anTeHHble pEIIETKH, AHTEHHOE paccesiHue, CTPYKTYPHOE paccesHue, 0e33X0Bble
KaMmepbl, BEKTOPHBIE aHAJIN3aTOPHI LETIel

METHODS FOR EVALUATING THE SCATTERING PROPERTIES OF ANTENNAS
IN THEIR NEAR ZONE IN AN ANECHOIC CHAMBER
Yu. I. Belov
Radiophysical Institute of National Research Lobachevsky State University of Nizhni Novgorod

Purposes: Obtaining data on the characteristics of antenna scattering fields in the measurement
procedures in the antennas near zone of signal reflections at the inputs of vector network analyzers
(VNA). Development of data processing techniques and investigation of their features in the study of
scattering fields of antenna arrays operate in the decimeter wavelength range.
Design/methodology/approach: During the studying of antennas characteristics by means of the
procedure for measuring their radiation in the near zone of the antenna, anechoic cameras, antenna probes
and modern VNA are used. The measured S-parameters of the VNA at the antenna-probe input are
cleared in the procedure of complex subtraction of the distribution of background reflection signals from
the anechoic chamber structures surrounding the antennas. The behavior of time series of measured data
is analyzed, as well as their impact to the spatial distribution of antenna scattering fields. The methods of
calculating antenna scattering patterns based on the results of measurements of S-parameters are
considered.
Findings: The effects of the interaction of the probe antenna (AP) and the antenna under test (AUT) are
taken into account not as components of measurement errors, but as a source of information about the
scattering fields of AUT, which significantly expands the description of the characteristics of AUT.
Research limitations/implications: The use of antenna arrays (AA) as antennas, including phased AA, in
the DM — MM wavelength ranges in modern methods and techniques of signal processing improves the
system characteristics of the electronic systems. However, even antenna arrays with a small number of
antenna elements, often used in radio vision systems, medical equipment, and anti-terrorist control, could
cause problems of their experimental study associated with the interaction of the probe antenna with AR
elements.
Originality/value: Methodological features of signal processing at the antenna inputs that make up
anechoic antenna testing ranges can be used to evaluate the scattering properties of antenna arrays,
including large electrical sizes and in a wide range of wavelengths by the use of appropriate planar
scanners for measurements in the near zone of the antennas.

Key words:antenna arrays, antenna scattering, structural scattering, anechoic chambers, vector
network analyzers
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YK 004.023
PACYET BEPOATHOCTH OBHAPYXEHUA UICTOYHUKA UMITYJIbCHOI'O
PAJIMOCHUTHAJIA TIEJIEHI'ATOPOM B PEAJIBHBIX YCJIOBUAX MOPCKHUX
ITOJIMT'OHOB 1 CITIOCOBbbI EE YBEJIMYEHMS.
3.C. bupokos
ORCID: 0009-0006-8668-0183 e-mail: biryukovzakharsergeevich@mail.ru
Huxeropoackuii rocynapcTBeHHbI TexHuueckuil yausepeuteT um. P.E. Anekceesa r. Huxuuit
Hosropoa.

[Tpu mpoBeeHUN WUCHBITAHUNA B YCJIOBUS MOPCKUX IOJIMTOHOB, B XO/€ KOTOPBIX HEOOXOIUMO C
IIOMOILBI0  PAJAMONENCHraTopa OIpPENeIUTh MECTONOJOKEHU paauoMasKa, BO3HMKAaeT Ipobiiema
OOHapy>KEHHs TOCIETHEr0 NpU BOJHEHUH Mops. B nmanHOW paboTe mpoBeneH pacuér mapaMeTpoB
panuomMasika, A OIpelesieHUs paboTOCHOCOOHOCTH paJvoOKaHala paauoMasK-pauoIeNeHraTop ¢
nomoipio Merona lllyneiikuna-Ban-pep-Ilons. Pacder BeposTHOCTH OOHapy)XeHUs paauoMaska B
YCIOBHSIX MOPCKHX IOJUIOHOB Obl1 mpoBenéH ¢ momomisio CAIIP «RadioMobile» coBmectHo ¢
3aIeiCTBOBAaHUEM ITPOrpaMMHOTo MojysieM “Sea Swell”.

Knwouesvie cnoea:panuoneneHraTop, paauoMasik, BEpOSTHOCTb OOHAapYyXKEHUs CHUTHaia
pazguoMasika.

CALCULATION OF THE PROBABILITY OF DETECTING THE SOURCE OF A PULSED
RADIO SIGNAL BY A DIRECTION FINDER IN REAL CONDITIONS OF MARINE
POLYGONS AND WAYS TO INCREASE IT.

Biryukov Z.S
Nizhny Novgorod State Technical University named after R.E. Alekseev — Nizhny Novgorod

Purpose: The author proposes to calculate the main parameters of the beacon, confirming the operability
of the radio channel beacon — direction finder and the probability of detecting a beacon at a distance of
three kilometers, drifting in the open sea, using CAD
Design / methodology / approach:The article calculates the beacon -direction finder communication
channel by the Shuleikin-Van der Pol method. According to the calculation results, the author presents the
dependences of the electric field strength on the distance between the emitter and the receiver both during
propagation in free space and taking into account the influence of the sea surface.The article also provides
a calculation of the probability of detecting a beacon drifting in the open sea using CAD.According to the
results of calculations, the author presents the dependences of how changes in the height of the receiving
antenna installation at the ship's measuring point (from 3 to 24 m) affect the maximum detection zone of
the beacon in conditions of sea rolling.
Findings: Thus, the calculation showed the operability of the beacon — direction finder radio channel
when the direction finder antenna is located above the surface level at a distance of 3000 m at a height of
at least 3 m.Ways to solve the problem arising from the detection of the beacon signal when the sea is
flooded are proposed.
Research limitations/implications: The calculation was carried out for a direction finder, which is used
mainly in aviation. Despite this, the results of calculations show the direction of development of the
navigation direction-finding system, to increase the probability of detecting a beacon signal in conditions
of sea rolling.
Originality/value: The value of the entire article lies in the fact that the calculation of the detection of the
signal emitted by the radio beacon is carried out for the conditions of sea rolling. Research directions are
given to increase the probability of detecting a radio beacon signal.

Key words: radio-direction finder, radio lighthouse, the probability of detecting a beacon signal
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VK 004.383.8.032.26
HCCJEJOBAHUE BO3MOXXHOCTEN MTPUMEHEHHUS UMUTAIIMOHHOI'O
MOJIEJIUPOBAHUSA MATPUYHO-BEKTOPHOI'O YMHOXEHUS J1JIs1 OHEHKU
TOYHOCTHU PABOTHI HCKYCCTBEHHBIX HEMPOHHBIX CETEH B YCJIOBHUSIX
INOI'PEITHOCTU MEMPUCTHUBHBIX YCTPOMUCTB
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 UHCTUTYT ((prtrai) dheaepabHOTO TOCYAapCTBEHHOTO OFOKETHOTO 00pa30BaTeIbHOTO
YUPEXKIEHUS BBICIIETO 00pa3oBaHus «BiaquMupcKuii ToCcy1apCTBEHHBIH YHUBEPCUTET UMCHH
Aunexcannpa ['puropreBuda u Hukonas ['puropseBrda CTOJIETOBBIX)»

B Hacrosiee BpeMsi MHOTHE Hay4YHbIEC KOJJICKTUBBI CUATAIOT MEMPUCTUBHBIC YCTPONCTBA OJHUMU
u3 HanboJee MepCrneKTUBHBIX KOMIIOHEHTOB /ISl peali3allii BECOB CHHAIICOB HEHPOHOB MPH anmapaTHoM
aQHAJIOTOBOM HMCIIOJHEHUU HCKycCTBeHHBIX HelpoHHbIX cered (MHC). JlanHoe MHeHue Oa3upyeTcs Ha
TOM, YTO MEMPHUCTUBHBIE YCTPONCTBA UMEIOT CXOJCTBO C OMOJOTMYECKUMHU CHHAIICAMU U HEHPOHAMH 110
IUHAMUKe (QYHKIMOHUPOBAHUSA U 3IEKTPUUECKUMXAPAKTEPUCTUKAM.

[Tpu peanuzanuu MHC Ha 6a3e mempuctuBHbIX ycTpoiictB (MHCM) MeMpucTopsl 00beAUHSIIOTCS
B MacCUBBI Ha3bIBaeMble kpoccOapamu JUist 3((HEKTUBHOTO BHIIIOIHEHUS BBIYMCICHUN B TAMSATH.

OpHako HeCMOTps Ha BCE€ CBOM IPEUMYIIECTBA MEMPHUCTHUBHBIE YCTPOICTBA HMEIOT psij
HEI0CTaTKOB, KOTOPBIE CBA3aHbl C HECOBEPIIEHCTBOM TEXHOJIOTUH MX IPOU3BOACTBA U COOTBETCTBEHHO
BHOCSIT TIOTPEIIHOCTD B BBIUYMCIIEHUEMATPUIHO-BEKTOpHOTO YMHOKeHUs (MBY), kak omHO# 3 Hanboee
Ba)XHBIX OIEpalui, BBHINOIHAEMBIX B mpouecce GpyHkuuonupoBanus MHC. B cBs3u ¢ 3TUM TOYHOCTb
paborer MHCM MoOXeT 3HaYUTENBbHO OTIMYATCS OT MporpaMmHO peanusoanHoii MHC, Ha mapamerpax
KOTOpOH oHa 0azupyercs.

B noknane Oyner pacCMOTPEHO BIMSHUE MOTPEIIHOCTH BBIYMCIEHUS MaTpPUYHO-BEKTOPHOIO
YMHOXEHUsT Ha To4yHOCTh paborst MHCM ¢ mnpumMeHeHHeM METOAOJNOTMH  MMMTALMOHHOIO

MO/JICITHPOBAHHSI.
PaGota BeimoHeHa nipu noanepkke ctunenauu [pesuaenta PO CI1-3988.2022.5.
Kniouesvlecnoea . ickycCTBCHHBIC HEHPOHHBIC CETH, MaTPUIHO-BEKTOPHOE

YMHOKCHHUEC,MEMPHUCTOPLI, UMUTAIUOHHOC MOJACIINPOBAHUC

INVESTIGATION OF THE POSSIBILITIES OF USING SIMULATION OF MATRIX-VECTOR
MULTIPLICATION TO ASSESS THE ACCURACY OF ARTIFICIAL NEURAL NETWORKS IN
TERMS OF THE ERROR OF MEMRISTIVE DEVICES
I.A. Bordanov, S.A. Shanikov
Murom Institute (branch) Federal state budgetary Educational Institution of Higher Education
"Vladimir State University named after AlexaderGrigoryevich and NickolayGrigoryevichStoletovs"
Purpose:This article proposes a methodology for assessing the impact of errors in the calculation of
matrix-vector multiplication (MVM) on the accuracy of an artificial neural network (ANN) based on

memristive devices (ANNM).
Design/methodology/approach:Initially, we extract the weights from the ANN and determine their
spread, taking into account the errors of the memristive devices. The obtained spreads of weights are used
in the process of simulation of the MVM to determine its error. Then the data obtained are used to assess
the accuracy of the ANNM, taking into account these errors.
Findings:As a result of this work, a methodology was developed for calculating the accuracy of the
ANNMbased on the data on the errors of the MVVM. This technique was demonstrated on the example of
an ANN trained to solve the problem of image classification.
Researchlimitations/implications:Simulation is one of the most powerful research tools for ANNM.
Originality/value:This technique can be used at the design stage of the ANNM, allowing you to evaluate
the quality of its work without experimenting with real memristors, which can help save time and money.
Keywords:artificial neural networks, matrix-vector multiplication, memristors, simulation
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YK 621.391.837
WHBEPCHBIN ®UJILTP ITOJIABJIEHHS BOKOBBIX JIEITIECTKOB
COCTABHOI'O KOJA BAPKEPA 7x11
H.M. [lemugoB
ORCID: 0009-0009-2051-5363e-mail: ocn1999@mail.ru
B.A. CpsiHOB
ORCID: 0000-008-6651-3833 e-mail: suanov51@mail.ru
Huxeropoackuii rocynapCTBeHHbIM TeXHUYECKH yHUBepcuTeT uM. P.E. AnekceeBa

B pabore mpemioxkeH anroputM  o0paboTku  OMHapHOTO  (Pa3OMAHMITYTUPOBAHHOTO
(dM)cocTaBHOTO CUTHaJIa Ha OCHOBE KOJOB bapkepa 7x1lmpu moMoOIIM HMHBEPCHBIX (PHIBTPOB
MOJIAaBJICHUsI OOKOBBIX JIeTIECTKOB. lLlenpro uccienoBaHusl SBISIETCS MOBBIMIEHUE JUIMTENBHOCTH U
JUHAMHYECKOTrO JHara3oHa [0 TMOJEe3HOMY CHUTHalIy/UIsyBelduueHus nanbHocTH aevictBus PJIC wu
BO3MOYKHOCTH OOHapyXeHHs clalbIx Ienieil Ha (poHe MHTEHCHBHBIX CHUTHAJIOB M moMmeX. VccienoBanue
ocyiecTBieHo Ha @M curHage MaHUIyJIUPOBAHHOM COCTaBHbIM Koja0M bapkepa 7x11 snementoB. s
3aJ]aHHOTO KOJia IPOBEICHO MOJICIMPOBAaHHE B Cpele MaTeMaTWdeckoi paspabotku Matlab u npu
nomonm mnakera Simulink. Ciio)KHOCTb MCCIIEIOBaHUS 3aKJIIOYACTCS B OTPAHUYCHHMU BBIYUCIUTEIBHBIX
BO3MOXXHOCTSIX IaKeTa MoJenupoBaHus.ben pazpaboTaHbl CTpyKTypHas U (YHKIMOHAJIbHAS CXEMBI
MHBEPCHBIX (UIBTPOB S JAHHOH MOCIEeNOBATEIbHOCTH. IIpOBENEHBI pacuyeThl MOTEePh, BHOCHMBIX
HEONTUMAJIBLHOCTBIO O0paOOTKM B OTHOILIEHWE CHUTHAI-IIYM, a TaKXE BBINOJIHEHb H3MEPEHUS
JMHAMHUYECKOT'0 IMaIa3oHa 10 M0JIE3HOMY CUTHAITY.

Knroueswvie cnosa:hazosas manumynsinus, Ko bapkepa,uHBepcHbIi GUIBTP, OTHOLICHHE CUTHAI-
IIyM, TMHAMUYECKUI Harna3oH.

INVERSE SIDELOBE SUPRESSION FILTTER OF
COMPOSITR BARKER CODE 7x11 ELEMENTS
N.M. Demidov, V.A. Suanov
Nizhny Novgorod State Technical University named Alekseev, N. Novgorod

Purpose: The author provides an algorithm for processing a binary phase-shift keyed (PM) composite
signal based on 7x11 Barker codes using inverse side-lobe suppression filters.
Design / methodology / approach: The study was carried out on a FM signal manipulated by a
composite Barker code of 7x11 elements. For a given code, modeling was carried out in the Matlab
mathematical development environment and using the Simulink package.
Findings: Structural and functional schemes of inverse filters for this sequence were developed.
Calculations of the losses introduced by non-optimal processing in the signal-to-noise ratio were carried
out, and measurements of the dynamic range were made on the basis of the useful signal.
Research limitations/implications: The complexity of the study lies in the limitation of the
computational capabilities of the modeling package.
Originality/value: The purpose of the study is to increase the duration and dynamic range of the useful
signal to increase the range of the radar and the possibility of detecting weak targets against the
background of intense signals and interference.

Key words:phase shift keying, Barker code, inverse filter, signal-to-noise ratio, dynamic range.
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YK 621.317.758 + 621.317.346
U3MEPEHUE OTHOIIEHUSA CUT'HAJI-IHYM B ITUPOKOM JTUAITA3OHE YACTOT
A.B.3eHbKOBHY
ORCID0009-0000-5324-6643 e-mail: avzen@nntu.ru
Huxeropoackuii rocynapcTBeHHbIN TexHu4eckuil yauBepeuteT uM. P.E. AnexceeBa
[TpuBeneHbl mpuMepbl CUCTEM, Ul KOTOPBIX OTHOUIEHHWE CUTHAI/LIYM SIBISETCS OJHUM U3

Ba)XHBIX MOKa3zareiel kadectBa. Llenp mccinenoBaHHWs —pelIeHHE aKTYalbHOH MPOOJIEeMbl U3MEPEHUs
OTHOLICHMSI CUTHAJI/IIyM B HIMPOKOM JMama3oHe 4YacToT, YIpPOIIEHHWE TpeOOBaHWM K cpelcTBam
U3MEPECHUM, IIOBBILICHUE HX TEXHUYECKUX M METPOJIOTHYECKUX XAPAaKTEPUCTHK. TeopeTHyecku
00OCHOBAH HOBBIM MPUHIUI W3MEPEHUS OTHOUIEHUSI CUTHAJI-IIYM, COCTOSALINM B YCTAHOBJIEHUU TOUHBIX
CBSI3€l ATOrO OTHOIIEHHS C IapaMeTpaMH IIyMOBOW aMIUIMTYIHOW, ()a30BOM M YaCTOTHOW MOIYJSIIUH
curHana. Tem caMbIM CTPOro [OKa3aHa IPaBOMEPHOCTb MCIIOJIb30BAHMS HM3MEPUTEICH MOAYISILUM B
Ka4yeCTBE U3MEPUTEIIEH OTHOLICHUS CUTHaN-IIyM. [Ipy 3TOM CUTHAII U IIyM HE pa3fenstoTcs U OTACIBHO
He u3Mepsorcs. Hamuune TOYHBIX cBsA3eil OOYCIIOBIMBAET OTCYTCTBME METOJUYECKUX IMOIPEIIHOCTEH
n3Mepenus. MMerorcs Tpu BapuaHTa peaau3aluy pa3padOTaHHOrO IPUHIMIA H3MEpPEHHUs, B HUX
UCHOJIb3YeTCsl OUH IPUOOP MPOMBIIIIEHHOTO BBITYCKAa — U3MEPUTEIh MOIYIISALMH U 00ECIIedeH NpsiMOi
OTCYET OTHOILIEHHS CUTHAJ/IIyM. B IByX M3 HUX HET OrpaHMYCHHI 10 MPOUCXOKICHUIO U BUAY MIyMa.
C yderoM OIHO3HAYHOW CBsI3UM (PA30BOM M 4YACTOTHOM MOAYNALMU  (PAKTUYECKH HKCHEPUMEHTAIBHO
IIPOBEPEHBI BCE BAPUAHTHI PEAIM3aLlMN HOBOTO ITpuHIMIA.. [IpoBeieHO MaTeMaTnyeckoe MOACINPOBAaHNE
pa3pabOTaHHOI0 MPUHIIMIIA U3MEPEHUSI OTHOLIEHUSI CUTHANI-LIIYM B IporpaMMHoM nakere Mathcad, naHbl
PEKOMEHIallMU 10 €T0 MCIOJIb30BaHUI0. | JIaBHBIE JOCTOMHCTBA HOBOTO IPHHIUIIA— IIPEAEIBHO IIPOCTas
peanu3anys ¢ IOMOIIBI0 OJHOIO MPOMBIIUIEHHOrO NpUbopa U pelieHre npodaeMbl METPOIOTUYECKOIO
oOecriedeHrs peXKMMa HM3MEPEHHS OTHOUICHHS CHUTHAJ-IIyM 32 CYET €ro IOJHOTO COBIAACHHS C
OCHOBHBIM  PEKUMOM  HM3MepuTellell  MOAYIALMH, METPOJIOTHYecKoe oOecreyeHue KOTOpOro
OCYILIECTBJIIEHO B PaMKaXx CYIIECTBYIOLIUX FOCYAAPCTBEHHBIX IIOBEPOUHBIX cXeM, OCHOBHbBIE TEXHUYECKUE
U METPOJIOTUYECKUE XAPAKTEPUCTUKH HU3MEPUTENEH OTHOLIEHUS CHUTHAJI-IIYM, KOTOPBIE MOYKHO
IIOJIyYUTh, ONPEIECIAIOTCA IapaMeTpaMy CYLIECTBYIOIIMX HW3MEPUTENEH MOAYJISALUUNA W  SBILIIOTCA
BBICOKMMH. D10 mupokuii (1o 26 I'T'1) nuanazon gactot u Manas (8%) MOrpenIHoCTs U3MEPEHHUSL.

Knrwoueswvie cnosa: >neKTpoHHBIC N3MEPEHUS, OTHOIIICHUE CUTHAJI/IIYM, HOBBIH MPHHLUI, TPSMOE
U3MepEeHue, MpeJiesibHas IPOCTOTa PeAIN3alui, MaJlble TOTPEIIHOCTH, METPOJIOTHYECKOe oOecrieueHue

MEASUREMENT OF SIGNAL-TO-NOISE RATIOIN WIDE FREQUENCY BAND
A.V. Zenkovich
Nizhny Novgorod State Technical University n. a. R. E. Alekseev

Examples of systems, for which signal-to-noise ratio is one of the important qualitative indicators,
are given. The aim of the investigation is to solve the actual problem of signal-to-noise ratio measurement
in a wide range of frequencies, simplify instruments and to improve their technical and metrological
parameters.A new principle of signal-to-noise ratio measurement has been proposed, its theoretical
foundation has been given. Precise relationship between the signal-to-noise ratio and the parameters of
noise amplitude, phase and frequency modulation has been established, thus modulation meters can
measure signal-to-noise ratio. There are three options for implementing the developed measurement
principle. All of them use one existing industrial modulation meter and provide direct signal-to-noise
ratio. For two options there are no restrictions on the origin and type of noise, it may be arbitrary. A pilot
test of the measurement principle was conducted, and three implementation options were actually tested..
Mathematical modeling of the new principle of signal-to-noise ratio measurement in Mathcad software
package was also carried out. Recommendations on the use of the new principle aregiven. The
fundamental advantages of the developed principle consist of simple implementation by a single
industrial instrument and solving the problem of metrological ensuring of signal-to-noise measuring
instruments using the existing state verification plans. The main technical and metrological characteristics
obtained by using the new principle are determined by parameters of modulation meters and are proven
to be high, the frequency range is till 26,5 GHz, the measurement error is as low as 8%.

Keywords: electronic measurements, signal-to-noise ratio, new principle, direct
measurement, extreme realization simplicity, small error, metrological ensuring.
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YK 537.86; 621.317.335.3
MOJIEJIb HABEJIEHU S ITIPOTUBOPA JIUOJIOKAIITMOHHOM PAKETHI HA IIEJIb,
COCTOSIYIO U3 JIBYX WJIEHTUYHBIX PATAOJOKAIIMOHHBIX CTAHIIAM
A.N. KazpMuH
ORCID: 0000-0001-7682-2420e-mail: alek-kazmin@yandex.ru
A.B. Psi0oB
ORCID: 0000-0003-4578-0840e-mail: ryalvy@mail.ru
ILIO. Kopenanos
ORCID: 0009-0008-8599-4644e-mail: korep@yandex.ru

BoeHnHbIl yueOHO-HAY4YHBIN IIEHTP BOGHHO-BO3MYIIHBIX CHIT «BOEHHO-BO3IyIIIHAS aKaAeMUs

um. ipod. H. E. XKyxosckoro u 0. A. I'arapunay (r. Boponex)

[IpencraBnena MareMaruyeckas MOJENb IpOLECCAa HaBEIEHHS IPOTUBOPAANOIOKALIMOHHOM
pakeTsl Ha IIeNb, COCTOSINYI0O M3 JBYX WACHTHYHBIX MEPHAIOMINX PAJHOIIOKAMOHHBIX CTaHIIHK.
OTnuumeM  TpeANIOKEHHOW ~ MOJENW  SBISIETCS  BKJIIOYEHHWE B KOHTYp — HaBEICHHS
IPOTUBOPAIMOIOKAIMOHHON  paKkeThl  ONTHUMAJIBHOTO  (HIBTPa-UAECHTH(UKATOPA-IKCTPAIONATOPA,
pearu3yomero aIropuT™M ONTHMAJIbHONW (HIBTPAlMM BXOJHOTO KYCOYHO-HENPEPBIBHOTO MpoIecca
CIy4allHOW CTPYKTYPBI U SBIISIOLIETOCS YCTPOMCTBOM OMEXO3aIIUTHI TOJOBKM CaMOHaBeAeHHs. Mopenb
o0ecrieynBaeT OIEHKY IpoIlecca HaBEACHHs MPOTHBOPAAMOIOKAIIMOHHON PaKeThl Ha IIeNb B YCIOBUSX,
NPUOTIKEHHBIX K X PeabHOMY NMPUMEHEHUIO Ha MPAKTHUKE, YTO MO3BOJISIET B AbHEHIIIEM BbIpaboTaTh
KOHKPETHBIE TEXHUYECKHE MEPOTIPUATHS TPOTHBOACHCTBUS UM.

Kntwouegvie cnoea:npoTHBOPAINOIOKAIIMOHHAS PAKeTa, HABEICHHE, PaJMOIOKAIIMOHHAS CTAHIINUS,
QITOPUTM ONTHMAJIBHON (PpUIbTpanuu, GUIbTP-UACHTH(YUKATOP-IKCTPATIOIATOP

MODEL OF AIMING AN ANTI-RADAR ROCKET ON ATARGET CONSISTING
OF TWO IDENTICAL RADAR STATIONS
A. 1. Kaz’min, A. V. Ryabov, P.Yu. Korepanov
Zhukovsky and Gagarin Voronezh Air Force Academy

Purpose:development of a mathematical model of the process of aiming an anti-radar missile at a target
consisting of two identical flickering radar stations, taking into account the interruption of their radiation.
Design/methodology/approach:the model is implemented on the basis of linear filtering algorithms for a
random Markov process with jointly observable and unobservable transitions between its states.The
synthesized algorithms are equations for stationary modes (a mode in which at least one radar station emits
and a radio silence mode) and equations for transitions between stationary modes.
Findings:A mathematical model of the process of aiming an anti-radar missile at a radar station, which is
part of an opposing ground-based radar target from two identical flickering radar stations, has been
developed. The model implements a device for optimal processing of measurements, based on a filter-
identifier-extrapolator that determines the potential accuracy of missile guidance in conditions of radio
countermeasures to the ground system. The developed filtering algorithms make it possible to evaluate the
potential accuracy of pointing a promising anti-radar missile with increased noise immunity and to find the
lower limit of its miss variance.
Research limitations/implications:the present article provides a starting-point for further research in the
methods of countering anti-radar missiles.
Originality/value:thus, it has been established that, in fact, the presented approach allows for local
inspection of multilayer materials and coatingsparameters, which makes it possible to study how these
parameters change over the surface of the sampleunder study and thereby carry out its quality control.
Keywords:anti-radar missile, guidance, radar station, optimal filtering algorithm, filter-identifier-
extrapolator.
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CIIOCOB COBMECTHBIX U3MEPEHUM SJEKTPO®PU3NYECKHUX ITAPAMETPOB
MHOT'OCJIOUHBIX TUIJIEKTPUUECKAX U MATHUTOIUJIEKTPHUECKHAX
MATEPHAJIOB M TIOKPHITHIA
A.N. KazpMun
ORCID: 0000-0001-7682-2420e-mail: alek-kazmin@yandex.ru
I1.A. ®exronun
ORCID: 0000-0001-6663-4362e-mail: fpal969@yandex.ru
B.A. Mauun
ORCID: 0009-0005-1325-6798e-mail: fanni.05@mail.ru
Boennslii yueOHO-HayuHBIH HEHTp BoeHHO-BO3AYIIHBIX cil «BOCHHO-BO3/IyIIIHASL aKaAeMUs
um. ipod. H. E. XKykosckoro u 0. A. I'arapunay (r. BopoHek)

[IpencraBieHpaInOBOIHOBOM CIOCOO COBMECTHBIX M3MEPEHHI KOMIUIEKCHBIX JAUAIEKTPUYECKOHN U
MarHUTHOM NPOHUIIAEMOCTEH, a TakXKe TOJIIUH CJIO€B MHOTOCIOMHBIX JIUAJIEKTPUUYECKUX H
MarHUTOAMAIIEKTPUYECKUXMATEPHAIOB U MOKPHITUH. Crioco® OCHOBaH Ha peuieHuH OOpaTHBIX 3ajad 1o
BOCCTaHOBJICHUIO  CTPYKTYpPbl  3JEKTPOPHU3UYECKUX TMapaMeTpOB  HCCIEAYEMbIX MHOTOCIOMHBIX
MarepuasoB U MOKPBITUH MO YaCTOTHOM 3aBUCUMOCTH KO3((UIMEHTA OCIA0ICHHS OIS TIOBEPXHOCTHOM
MEJICHHOM 3JIEKTPOMarHuTHOM BOJHBL.COMIACHO pe3ylnbTaTaM HWMHUTAIIMOHHOTO MOJEIUPOBAaHUS H
SKCHEPUMEHTAJIBbHOTO HCCIEA0BaHUS MHOTOCIOMHOIO JIUAJIEKTPUYECKOTO TIOKPBITUS, MpPU IIUPHHE
noJsiockl yactoT usMepeHuit 1 I'T' morpenrHocT OLeHOK AUAIEKTPUYECKUX MPOHUIIAEMOCTEH M TOJIIMH
cioéB cocrapisitor He Oonmee 10 % ¢ nmoBepurenbHOM BeposTHOcThIO 0,95 mpu  cpenHem
KBaJIpaTn4ecKoMOoTKIOHeHUYpoBHA ryma 0,003—0,004.

Kniouegvie ¢106a:n0OBEpXHOCTHBIE 3JEKTPOMArHUTHBIE BOJHBI, W3MEPEHHE, MHOTOCIONHHBIE
Marepuanbl M TOKPBITUSA, DSJIEKTPOQU3MUECKHE U TEeOMETPUYECKHE TMapaMeTpbl, AUCIEPCHOHHOE
ypaBHEHUE, 1iesieBast (PyHKIUS.

METHOD OF JOINT MEASUREMENTS OF ELECTROPHYSICAL PARAMETERS
OF AMULTILAYER DIELECTRIC AND MAGNETODIELECTRIC
MATERIALS AND COATINGS
A. 1. Kaz’min, P. A. Fedyunin,
Zhukovsky and Gagarin Voronezh Air Force Academy

Purpose:the purpose of this paper is to develop a method for local evaluation of the complex dielectric
and magnetic permeabilitiesand the thickness of multilayer dielectric and magnetodielectric coatings on a
metal substrate in a single measurement cycle, using surface electromagnetic waves of the microwave
range, providing an increase in their accuracy and reliability estimates.
Design/methodology/approach:the method is based on solving inverse problems to determine the
complex dielectric and magnetic permeabilities and the thickness of the coatings from the frequency
dependences of the field complex attenuation coefficient of the surface electromagnetic wave excited in
the sample under study. In contrast to the known methods, the imaginary part of the complex attenuation
coefficient is additionally measured.
Findings:we present the results of a study that have made it possible to substantiate the method of
nondestructive testing for the complex dielectric and magnetic permeabilities, as well as the thickness of
multilayer dielectric and magnetodielectric coatings on a metal substrate using surface electromagnetic
waves of the microwave range excited in the sample under study.Numerical and field experiments have
shown that in the measurement frequency band of 9-13.5 GHz, the developed method ensures the
estimation of the complex dielectric permeabilities, complex magnetic permeabilities and thickness of
multilayer coatings with an error of no more than 10% with a confidence level of 0.95.
Research limitations/implications:the present article provides a starting-point forfurther research in the
measuringelectrophysicalparameters of multilayer materials and coatings.
Originality/value:thus, it has been established that, in fact, the presented approach allows for local
inspection of multilayer materials and coatingsparameters, which makes it possible to study how these
parameters change over the surface of the sampleunder study and thereby carry out its quality control.

Keywords:surface electromagnetic waves, measurement, multilayer materials and coatings,
electrophysical and geometrical parameters, operator equation, dispersion equation, objective function.
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UCCJEIOBAHME BJIMSAHUA U3SMEHEHUMN ®A3bI U AMILIUTYIbI TOKA,

N3Tr'UMBA AHTEHHOM PEIIETKHW HA EE JIMATPAMMY HANIPABJIEHHOCTH

A.C. KyssieB
ORCID: 0009-0005-6266-3955e-mail: admiral.2014@yandex.ru
Huxeropoackuii rocyaapCTBeHHbIN TeXHUYECKUil yHUBepcuTeT uM. P.E. AnekceeBa

B pabGore mpoBeneH CpaBHUTENbHBIA aHAW3 JUarpaMM HAMPaBICHHOCTH IISITHUAJICMEHTHON
JMHEHHON aHTEHHOM PElIeTKH C 3JeMeHTaMHu Buaa SiN(Q) mpu u3MeHeHWH (a3bl U aAMILUTUTYIbI TOKA,
u3ruda TMOBEPXHOCTH AaHTCHHOW pemeTku. Ha OCHOBe CpaBHEHHS JENal0TCS BBIBOJABI O BIIMSHHUHM Ha
napaMeTpsl IUarpaMMbl HaIIPaBJIEHHOCTH, TaKH€ KaK IIMPHHA TJIABHOTO JIETIECTKa U YPOBEHb OOKOBBIX
nenectkoB. [locTpoeHus quarpaMM NpoU3BOASTCS HA OCHOBE MaTeMaTUYECKOTO MOJICIIMPOBAHUS B Cpelie
Mathcad15¢ momoIb0 MOJYYEHHOIO BBIPAXKECHHUS, YIUTBHIBAIOIIETO Pa3HOCTH (a3 MEKAY COCEIHUMHU
JJIEMEHTAMU KakK Il TUIOCKOM, TaK W JJIs PENIeTKH W30THYTOH (OpPMBI C Y4ETOM HW3MEHEHUs
HaIpaBJIEHUsI MAKCUMYMOB 3JIEMEHTOB.

Knrouegvle cnoea:antennas penieTka, [uarpaMma HarpaBieHHOCTH, IIIMPUHA TJIaBHOTO JICTIeCTKa,
ypOBEHb OOKOBOTO JIeTIeCTKa, ¢aza, aMILIUTY 1a, H3THO.

INVESTIGATION OF THE EFFECT OF CHANGES IN THE PHASE AND AMPLITUDE OF
THE CURRENT, THE BENDING OF THE ANTENNA ARRAY ON ITS DIRECTIONAL
PATTERN
A.S. Kuziaev
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The author conducts a comparative analysis of the radiation patterns of a five-element linear
antenna array with elements of the type sin(¢) with a change in the phase and amplitude of the current,
bending of the antenna array surface.
Design / methodology / approach: In the article, the width of the main lobe and the level of the side
lobes are chosen as a criterion for comparing directional diagrams. The diagrams are constructed on the
basis of mathematical modeling in the Mathcad15 environment based on the obtained expression that
takes into account the phase differences between neighboring elements, both for a flat and for a curved
lattice, taking into account the change in the direction of the maxima of the elements.
Findings: The article draws conclusions about the influence of changes in the phase and amplitude of the
current, bending of the antenna array surface on the parameters of the radiation pattern.
Research limitations/implications: The study is limited to mathematical modeling. Nevertheless, the
results obtained can be used to develop algorithms for correcting the radiation pattern when scanning
space with antenna arrays.
Originality/value: Antenna arrays currently remain the subject of active research. The article has done
laborious work, which can be a good help for further research, especially for radio navigation and
radiolocation.

Key words:antenna array, directional pattern, main lobe width, side lobe level, phase, amplitude,
bending.
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ABTOMATU3ALUA UMITYJIBCHOI'O UCTOYHUKA IUTAHUSA
MNPOJIETHOI'O KNIMCTPOHA
C.E. FyCTOBl
ORCID:0009-0005-5740-7498e-mail:
U.M.JIeraBun’
ORCID: 0009-0002-2538-1535 e-mail: ivan_letavin_02@mail.ru
K.B. Muneep’?
ORCID: 0000-0002-6869-5473 e-mail: mineevkv@nntu.ru
1HI/DKGI‘OpO£[CKI/II71 rocy/lapCTBEHHbIN TeXHUYeCKuil yHuBepcurer uMm. P.E. AnekceeBa
2I/IHCTI/ITyT npukiagHon Guszuku um. A.B. I'amonosa-I'pexoBa Poccuiickoli akageMun Hayk

Momnbie ipubopsl BakyyMHOH CBY siekTpoHUKH (MarHETpOHBI, KIMCTPOHBI U T.I.) TPEOYIOT
HAJIMYUSL  BBICOKOBOJIBTHOTO HMMITYJIBCHOIO MOJIYJISTOPA, OCYILIECTBISIOUIErO IOAAdy HWMITYJIbCa
OTPULIATEIILHOTO HAIpPsHKEHUST Ha KaTOAHBIA y3€J C 3aJaHHOM mepuoaudHocThio. Kak mpaBuio, takue
MOJYJIATOPBl OCHOBaHBI Ha pa3psfe Oarapeu KOHICHCATOPOB (DOPMHPYIOMICH JIUHUU MO0 TPUXOIY
BHEIIHETO YIPABISAIONIEI0 CUTHAjJa HAa KIIOUYEBOHM 3JEMEHT (THUPaTpOH) C MOCISAYIOLIUM 3apsijaoM B
MIPOMEXKYTKE MEXAy UMITylibcamu. Bce ogHO3HAauHO, KoTa Harpy3koi Beictynaer CBY renepartop, HO B
cllydae YCHJIUTEIbHOrO Mpubopa HEOoOXOoAMMa CHHXPOHHU3ALMS MOMEHTAa MOJa4yd MMITYJIbCa BXOJHOTO
CBY curnana ¢ MOMEHTOM IOJa4id BBICOKOBOJIBTHOTO HMMITYJbca. B okiane onmuceiBaeTcs pazpaborka
ABTOMATU3HPOBAHHOM CHUCTEMBbl YAAJEHHOTO VYIPABJICHHUS MOAYJISATOPOM IPOJIETHOIO KIHMCTPOHA
KNY-111 u peanuzamuss BO3MOXHOCTH CHHXPOHH3ALMH MOJYJIATOpPAa C JPYTUMH anmnapaTHbIMH
CpelICTBaMH M3 cOCTaBa (POTOMH)KEKTOPHOI'O KOMILIEKca, co3naBaemoro B 1D PAH.

Knroueswvie cnosa:aBToMaTH3aIMs, CHHXPOHU3AINS, KIUCTPOH, (HOTOMHKEKTOP.

AUTOMATION OF THE PULSED POWER SUPPLY OF THEKLYSTRON
S.E. Gustov', I.M. Letavin®, K.V. Mineev'?
'Nizhny Novgorod State Technical University n.a. R.E. Alekseev (NNSTU), Nizhny Novgorod
2A.V. Gaponov-Grekhov Institute of Applied Physics of the Russian Academy of Sciences (IAP RAS),
Nizhny Novgorod

Purpose: The report proposes a method for implementing an algorithm for remote control of the
modulator of the klystron KIU-111, which is used as part of the accelerator section of the photoinjection
complex being created at the IAP RAS.
Algorithm: Remote control of the operation of the modulator nodes is carried out from a remote terminal
via Ethernet using the software developed by the authors. In real time, in automatic mode, the program
maintains the specified operating mode of the klystron and, in the presence of failures, issues a warning or
safely stops operation.
Conclusions: In high-power amplifying devices, it is necessary to synchronize the moment of applying
the pulse of the input microwave signal with the moment of applying the high-voltage pulse of the
modulator.The report presents the klystron modulator synchronization algorithm, its technical
implementation, and also evaluates the advantages and disadvantages of the proposed algorithm.
Limitations/consequences in the study: For accurate synchronization, it is necessary to take into
account the delays in the formation and execution of control commands, the delay in the transmission
lines, and the delays associated with the propagation of the microwave signal in the waveguides.
Originality/significance: The proposed remote control algorithm is applicable to a wide class of
powerful pulsed microwave amplifiers used both in electron accelerators and in other technological
applications.

Key words: automation, synchronization, klystron, photoinjector.

23


mailto:ivan_letavin_02@mail.ru

YK 621.38
PABPABOTKA CXEMbI U3SMEPEHUA AMIUVINTYIHBIX U ®A30BbIX
XAPAKTEPUCTHUK KIIMCTPOHA
N.B. Ba}u]ypmml
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WM. JleraBun®
ORCID: 0009-0002-2538-1535 e-mail: ivan_letavin_02@mail.ru
K.B. Muneep’?
ORCID: 0000-0002-6869-5473 e-mail: mineevkv@nntu.ru
1I/IHCTI/ITyT npukiaaanoi pusuku um. A.B. 'anonoa-I'pexoBa Poccuiickoil akagemun HayK
Hwxeropoackuii rocygapCTBeHHbIN TexHuYeckuil yausepcutet uM. P.E. AnekceeBa

MHorouuciaeHHble (QyHIaMEHTaIbHbIC HCCIEIOBaHMsS OCHOBAaHbl HAa MCIOJb30BaHUU IJIOTHBIX
KOPOTKHX CTYCTKOB YCKOPEHHBIX 3JIEKTPOHOB C IIOJIHBIM 3apsAaoM B coTHU IKII M cpenHen sHepruen
yacTul nopsaka neciath M»sB. D¢¢exkTuBHbIM CpeicTBOM IOJNYyYEHHMs] TaKUX CIYCTKOB SBIISIETCS
MCTOJIb30BaHUE (DOTOMHIKEKTOPHOTO YCKOPUTEIIS, B KOTOPOM 3JIEKTPOHBI, SMUTUPOBAHHBIE C XOJIOJHOTO
KaroJa MoJ JAEHCTBHEM KOPOTKOIO MOILHOIO JIa3€pPHOTO0 MMITyJbCa C BBICOKOM 3Hepruei (hoTOHOB,
pasronsaioTcst cuiabHbM CBY monem B pe3oHaHCHOW yckopsmwoled cTpykType. s Hakauku 3To
CTPYKTYPBI M JOCTHXKEHUS 00JIbIION aMIIUTyAbl yckopstomero CBY nosst TpaAuinOHHO HCIIOIB3YIOTCS
IIPOJIETHBIE YCUJIUTENIbHbIE KIUCTPOHBI. /i CTaOMJIBHOM MHXKEKIMM YacTHI[ C KaTroJa HMMEHHO B
yckopstroryto (pazy CBY nosns Heobxoauma TouHast pa3oBasi CHHXpOHHU3aLUs (POTO3IMUCCHOHHOTO J1a3epa
¢ CBY curHajiom Ha BBIXOJI€ KJIMCTpoHA. B QoToMH)KEKTOpE Takash CHHXpOHH3aLUsi 00ECIIeUMBAECTCS C
CBY curnamoM, 3anuThIBAIOLUIMM KJIMCTPOH, IMOITOMY HEOOXOJUMBI CpPEICTBa KOHTPOJIA (Pa30BbIX
UCKa)KEHUH, BHOCUMBIX KIMCTPOHOM. B noKiazne mpeuiaratoTcsi METO/Ibl M3MEPEHUS aMIUIUTYAbI U (a3bl
CBY m3nyueHus KJIMCTPOHA, & TAK)K€ AHAJIM3UPYIOTCS BapUaHThl MX TEXHUYECKOIO MCIIOJHEHHUS IS
OCYLIECTBJICHUS KOHTPOJIS B p€aJIbHOM BPEMEHH.

Knrwouesvie cnoga: HOTOMHKEKTOP, YCKOPUTENIb 3JIEKTPOHOB, YCUIMTEIbHBIH KIMCTPOH,
aMITUTyHOe U (a3oBoe aerexktupoBanne CBY-koneGanmid.

CIRCUIT DEVELOPMENT FOR MEASURING KLYSTRON AMPLITUDE AND
PHASE CHARACTERISTICS
1.V. Bandurkin?, 1.M. Letavin?, K.V. Mineev'?
LA.V. Gaponov-Grekhov Institute of Applied Physics of the Russian Academy of Sciences (IAP RAS),
Nizhny Novgorod

2Nizhny Novgorod State Technical University n.a. R.E. Alekseev (NNSTU), Nizhny Novgorod
Purpose: The report proposes methods for measuring the amplitude and phase of microwave
radiation and analyzes their technical design options for controlling in real-time.
Design/methodology/approach:It is proposed to measure the klystron phase shifting using a circuit
with quadrature channels - a small part of the microwave oscillations from the amplifier gets into
two channels, where in the first channel is mixed with the input klystron radiation with constant
phase, and in the second channel is mixed with the quadrature signal (the phase shifted by 90
degrees). Then a constant component is extracted from both channels, and the function of phase
change is calculated. On the other hand, this algorithm can be implemented using the mathematical
calculations of the complex envelope when processing the oscillograms registered by a digital
oscilloscope.
Findings: The report presents the optimal from the technical and economic efficiency way of
realization of the microwave circuit for measuring amplitude and phase characteristics. A
comparative evaluation of hardware and software processing methods has been carried out.
Research limitations/implications: Availability of an oscilloscope bandwidth of at least 2,5 GHz
or an analog circuit for microwave quadrature detection.
Originality/value:The proposed measurement circuit can be useful in many applications where
powerful pulsed microwave devices are used.

Keywords: photoinjector, electron accelerator, amplifying klystron, amplitude and phase

detection of microwave radiation.
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1I/IHCTHTyT npukiaaHoit pusuku um. A.B. 'anonosa-I'pexoBa Poccuiickoil akagemun HayK
ZHI/I}KeFOpOI[CKI/Iﬁ roCyJlapCTBEHHBIN TeXHUUYECKUU yHUBepcUTeT uM. P.E. AnekceeBa

CyOrepareprioBblii 4YaCTOTHBIN IMana3oH IIMPOKO HCIOJIB3YeTCA I PaguoacTPOHOMHUYECKUX
HAOJIOACHUN U ABISETCSA MEPCIEKTUBHBIM JUISl TIOCTPOCHHUSI CUCTEM CBSI3M HOBOTO IOKOJICHHUS, TaK Kak
MIO3BOJISIET PEAIM30BaTh BBHICOKHE CKOPOCTH IEpefaud JaHHBIX 3a CUET PACHIMPEHHs paboyeil MOoJIoChI
yacToT. biarogaps KOpOTKOH AJMHE BOJHBI pa3Mepbl aHTEHHBIX YCTPOMCTB M IMPHUEMO-IIEPENAIOIINX
TPAKTOB MOTYT OBbITh MajorabapuTHBIMHU M 00J1a1aTh OO0JIbIIEH TOMEX03aIUIIEHHOCTHIO 110 CPABHEHUIO C
JUTMHHOBOJTHOBBIMU ycTporcTBamMu. OmHako pacmpoctpaneHue cyoTlmBomH B armocdepe obiamaet
psAIOM  O0COOEHHOCTEH: MOJEKYJSPHBIM IOIJIOLIEHHEM B aTMOC(EpPHBIX TIa3ax, pacceuBaHUEM Ha
ruipoMereopax (JOXkAb, CHET, TyMaH), TYpOYJIEHTHBIX BUXPAX U T.11. OUEBUIHO, YTO JUIsl IPOTSKEHHBIX
JUHUHA CBA3M IIpU BBIOOpEe pabouero auana3oHa HEOOXOJMMO ONUPAThCS HAa OKHA IPO3PayHOCTH
aTMOC(epbl — YaCTOTHBIE MOJIOCHI ¢ MUHIUMAJIBHBIM 3aTyXxanueM (A = 3 mM; 2 mvm; 1,3 mm). Onpenenenue
aTMOC(EpHOro IMOTIJIOMICHNs B TOM WJIM WHOM OKHE IPO3PAYHOCTH B KOHKPETHOW MECTHOCTHU SBISETCS
KpalilHe Ba)XHOM M aKTyaJbHOM 3amayei, TpeOyromeld CO3JaHus CIHElUaIbHBIX HCCIIEI0BATEIbCKUX
MHCTPYMEHTOB, O IIPUHIIMIIAX U YCTPOMCTBE pabOThl KOTOPHIX BEAETCS peub B AOKJIAJE.

Knwuesviecnoea.cy0TI 11 nuana3oH, OKHa IPO3pavyHOCTH, aTMOC(EPHOE MOTIIOLIECHHE.

PROBLEMS OF PROPAGATION OF SUBTERAHERTZ WAVES IN THE ATMOSPHERE
K. Mineev*? V. Salkov?
'A.V. Gaponov-Grekhov Institute of Applied Physics of the Russian Academy of Sciences (IAP RAS),
Nizhny Novgorod
2Nizhny Novgorod State Technical University n.a. R.E. Alekseev (NNSTU), Nizhny Novgorod

Purpose: The report analyzes the advantages and disadvantages of using the sub-THz frequency range for
telecommunications and radio astronomical applications and evaluates atmospheric absorption in
millimeter windows of atmospheric transparency.
Design / methodology / approach: A scheme of a sub-THz radiometric complex for researching
atmospheric absorption in the 1.3 mm window of atmospheric transparency is proposed. Special attention
should be paid to the choosing of uncooled low-noise amplifiers (LNA), microwave insulators and
construction of modulator.
Findings: Optimal way of realization of portable sub-THz radiometric complex from the technical and
economic efficiency is uncooled three-stage tuned radio frequency (TRF) receiver, which preserves stable
characteristics in the long cycle of measurements (not less than one year).
Researchlimitations/implications: The main technical limitation is the high noise figure (more than
6 dB) of commercially available low-noise amplifiers operating above 170 GHz, as well as the high
insertion losses in the isolators.
Originality/value: Developed radiometer in except to radio astronomical applications will be
successfully used to solving problems of places assessment for the construction of wireless sub-THz
communication systems where significant signal attenuation in the atmosphere has an important role.
Keywords:sub-THz band, transparency windows, atmospheric absorption.
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PAJIUOPOTOHHBINA ®A30BBIN NEJEHTATOP C U3MEPUTEJIEM JOIIIEPOBCKOI'O
CABUI'A YACTOTBI PAJIMOCUT'HAJIA
E.A. MuxaauubIiH
ORCID: 0000-0003-3144-3704 e-mail: mihalitsynea@gmail.com
Ounuan POAL-BHUND® «HUNNC um.FO.E. CenakoBay, r. Hwxuuit HoBropon

B pabore mpennoxeH crnocod OJHOBPEMEHHOTO H3MEpEeHMs YIiia IeJeHra U JOILIEPOBCKOIO
CIIBUTa YaCTOThl PAJMOCHTHAJIA PAJapHBIX CHUCTEM, OCHOBAHHBIM Ha pagrMO(OTOHHBIX TEXHOJIOTHSX H
pealin3yeMblii HA KOMMEPYECKH JOCTYITHOM 31eMeHTHON 6a3ze. CXeMOTEeXHHUUECKH U3MEepUTEIbh OCHOBAH
Ha IMPUHLMIIAX [OCTPOCHHUS, AHAJOTHMYHBIX ISl BOJIOKOHHO-ONTHYECKUX CUCTEM CBSI3H, U COCTOUT U3
Ja3zepa, ONTHYECKOro MoAyistopa u doroaerekTopa. [Ipuxonsmmii OT ABMXKYIIETOCS JIOIHPYEMOIO
UCTOYHUKA DPAJMOYACTOTHBIM CHUTHAJl M ONOPHBIM CUTHAJ IOJAIOTCS HAa BXOJbl JBYX MapaieIbHO
BKJIFOUEHHBIX JBOMHBIX MapauielbHbIX MonynasTopoB Maxa-llennepa. Yacrora OueHuil 5Xo-curHaia
JIOKAllMU ¥ OIMOPHOTO CHTHANA, MPEACTaBICHHBIX B (opMe OOKOBBIX YACTOT ONTHYECKOW HECYIIEH,
BbIIENsieTCsl HAa (DOTOJETEKTOpe B (pOopME HU3KOYACTOTHOTO DJIEKTPUUECKOro curHana. JlomnepoBckuii
CABUI 4YaCTOThl M YTOJI IIEJIEHra OINpPENENSIOTCS HEMOCPEICTBEHHO IO YacToTe OUEHUNl U ypPOBHIO
MOIIIHOCTH TIOJIE3HOTO JJIGKTPUYECKOr0 CUTHAlla ¢ MPUMEHEHHEeM aHaiu3aTopa crekTtpa. B pabore
NpeJCTaBIeHa MaTeMaTH4ecKas MOJeNb paanopoTOHHOTO wu3Mepurens. [lpemiokeHa MeToauka
KaTMOpOBKM HM3MEPUTENs AJII MUHMMM3AIMKU BIUSHUS ypoBHs MomrHocth CBY curhana snokauuu Ha
pe3yJIbTaThl U3MEPEHUS YIJla NEJICHTa.

Kniouegvie cnoea:pagnodoronuka, (pa3oBblii MEIEHraTOp, U3MEPUTENH JOMIEPOBCKOTO CABHUIA
YaCTOTHI.

MICROWAVE PHOTONICS-BASED SYSTEM FOR ANGLE-OF-ARRIVAL AND DOPPLER
FREQUENCY SHIFT MEASUREMENT
E.A. Mihalitsyn
Branch of Federal State Unitary Enterprise «Russian Federal Nuclear Center - All-Russian Scientific-
Research Institute of Experimental Physics» «Scientific-Research Institute of Measuring Systems named
after Yu.E. Sedakov», Nizhny Novgorod

Purpose: The microwave photonics-based approach for simultaneously measuring both angle-of-arrival
and Doppler frequency shift using commercially available components is presented here.

Design / methodology / approach: The design of the measuring system is similar to fiber optic link
consisting of a laser, an optical modulator and a photodetector. Theincomingmicrowavesignal from the
moving object andareferencesignalareappliedto the structure of two parallel optical double-parallel Mach
Zehnder modulators. Beatingoftheechoandreferencesignalsidebandsatthephotodetectorgeneratesa low-
frequencyelectricalsignal. The Doppler frequency shift and the angle-of-arrival can be determined from
the frequency and the power of the low-frequency electrical signal measured on an electrical spectrum
analyzer.

Findings: The calibration method for minimizing of the angle-of-arrival dependence from the power of
echo-signal is proposed in the paper.

Research limitations/implications: The proposed approach could not be used for very low angle-of
arrival measurements due to approach peculiarities.

Originality/value: The microwave photonics-based system for angle-of-arrival and Doppler frequency
shift measurementcould be used in simple, low-cost and wide operating bandwidth radars.

Key words:microwave photonic, angle-of-arrival measurement, Doppler frequency shift
measurement.
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YIK 621.3.061
PASPABOTKA AJITOPUTMA ITIOCTPOEHUSA KAPTBI BBICOT U MAKETA
IHOCAJOYHOTI'O PATAPA BILJIA JIJISA EI'O PEAJIM3ALIUN

A.B. MAKHHBKOB
ORCID: 0000-0001-6952-4134 e-mail: alex_myakinkov@nntu.ru
C.E. Ky3HenoB
ORCID: 0000-000X-XXXX-2XXe-mail: aaaaalXX2@mail.ru
A.A. Ky3un
ORCID: 0000-0002-1857-776Xe-mail: kuzin_andrey@nntu.ru
P.C. ®aneesB
ORCID: 0000-0001-8877-6724 e-mail: fr_201190@mail.ru
K. . JIoruHoBa
ORCID: 0000-0002-1232-2125 e-mail: ksyuhapirogova@mail.ru
H.C. Mupomun
ORCID: 0009-0006-5092-0368 e-mail: miroshin_n3@mail.ru
Huxeroponckuii rocynapcTBeHHbIN TexHUUeckuil yHuBepcureT um. P.E. Anekceesa

Hns obecnieuennst Oe3omacHoil mocagku BIIJIA B yclOBHSIX OrpaHMYCHHOH BHAUMOCTH
HEOOXOIMMAOIICHKa TPOQUIIS BBICOT IUIOMANKUA. Takas OIEHKa MOXET OBITh MOJIyueHa MPU OMOIIH
MaJIOTa0APUTHOTO pajapa ¢ TPEXKOOPJAMHATHOW aHTeHHOH pemerkod (AP), obecrmeunmBaromeii 0630p
oomactu mox BITJIA B 3amaHHOM cekTope yrioB. M3BecTHble 00pa3ipl 3apyOEKHOIO MPOM3BOICTBA
(Ainstein, Roke) He o0yiagaroT paspemarolieii CrtoCOOHOCThIO MO YIIIOBBIM KoopauHaTam. Jliist perieHust
nocrasneHHoi 3agaun B HI'TY pa3pabaTeiBatoTcst BapuaHThl OcTpoeHus (pa3upoBaHHbIX AP auamasona
76...77 MM ¢ (dopMHpOBaHHEM Jydell OJHOBPEMEHHO 3a CUYET TOIOJIOTMH aHTEHHBI M HHU(POBBIM
ciocoooM. Ilpemnaraercs anroputM MOCTPOCHUSI MPO(UIS BBICOT IUIONIAJKA HA OCHOBE JBYMEPHOM
HHTCPIOJIAONNU OTMCTOK OT 3JICMCHTOB IMOBCPXHOCTH, IMOJYHYACMBIX B IMAPHHUAIIBHBIX JIy4aX AWarpaMMbl
HanpaBieHHOocTH AP. Pa3paboran MakeT NOCaJ04YHOrO pajaapa, B KOTOPOM OpaboTKa CHUTHAJIOB
peamu3yercs Ha 11K, pacmonokeHHOM Ha moBepXHOCTH. OTCUETHI CHTHAJIOB IMEPEJAOTCS C pajapa Ha
oopry BIJIA, yepe3 kanan WiFi. Ouenena HeoOXoauMas CKOPOCTh MepeIadm.

Knrwuesnbie Cﬂosa:nocanquHﬁ panap, aHTCHHas pCUICTKA, HpO(I)I/IJ'IB BBICOT, 3KCHCpHMCHT&J’ILHHﬁ
MAaKET
DEVELOPMENT OF THE ALGORITHM OF HEIGHT PROFILE ESTIMATION AND
PROTOTYPE OF THE UAV LANDING RADAR FOR ITS REALIZATION
V.V. Balashov, M.M. Godovicyn, J.A.Zhivchikova, N.V. Starostin, A.V. Filimonov
NizhniyNovgorodstateuniversityn.a. N.l. Lobachevskiy

Purpose:The paper deals with the technique of the estimation of the height profile of the surface under
UAV. The algorithm based on the interpolation of the points found in partial 3D beams is considered. The
approaches to build the prototype are proposed.
Design/methodology/approach:Development of 3D phased antenna array had been done with system of
automated electromagnetic design ADS using FEM method. The investigation of the accuracy of
estimation of surface profile had been carried out by the mathematical modeling using Monte-Carlo
approach. The characteristics of the WiFi channel that provides signal transmission to the ground-based
computer are obtained with natural testing.
Findings:New algorithm of the estimation of the surface profile using data from 3D mono-pulse phased
antenna array is proposed. The measurements of the primary parameters (the clouds of detected surface
points in partial beams) are obtained by the original micro-strip — digital beam forming.
Research limitations/implications:The presented results are achieved with an internal initiative project
getting the start point of the further works concerned with the design of the radars for UAVS.
Originality/value: The radars with the proposed characteristics are not presented on the domestic market,
while the demand is formed by the manufactures of UAV systems.

Keywords:landing radar, antenna array, height profile, experimental prototype.
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YK 621.396.96
HNCCJIEJOBAHUE XAPAKTEPUCTUK IUATPAMMBbBI HAITPABJIEHHOCTH
CHUHTE3UPOBAHHOM ATIEPTYPHI ITPU CTYYAHHOM XAPAKTEPE IEPEMEIIEHUSI
AHTEHHBI
A.JI. MuxaiijioB
ORCID: 0000-0001-6428-7109 e-mail: MikhailovAD@nntu.ru
A.B. MSIKHHBKOB
ORCID: 0000-0001-6952-4134 e-mail: redvillage@mail.ru
Huxeropoackuii rocynapcTBeHHbIM TeXHUYeCKH yHUBepcuTeT uM. P.E. AnekceeBa
JlanHast cTaThs TOCBAIICHA WCCIEAOBAHUIO BO3MOXKHOCTH (OPMHUPOBAHUS CHHTE3UPOBAHOMN
anepTypsl B YCIIOBHUSX, KOTJa MEpeMelleHHe aHTeHHbl HOCHUT cllydyallHbIi XapakTtep. McciemoBanue
BBITIOJIHEHO METOAO0M uuciaeHHoro mojaenupoanusi B MATLAB. IlpencraBiennsie pe3ynbTaThl OKa3an
BO3MOJKHOCTb MCIIOJIb30BaHUsI CIIy4aiiHbIX (urykTyaruii mosjoxxenust PJIC oTHOCHTENBHO aHAIU3UPYEMOI
CIICHBI JUIsI TIOMYyYSHHUS CHHTE3WPOBAHHOUN amepTyphl, oOecreunBaronieii (opMUpOBaHKUE Y3KOTO JIyda,
HIMPUHA KOTOPOTO 3HAYUTEIbHO MEHbIIIE IIUPHUHBI Jy4ya (u3ndeckoil aHTeHHbI. [IpuBeieHbI pe3ynbTaThl
MaTeMaTUYeCKOro MOJCITUPOBAHMUSL.
Knrouesvie cnosa:cuHtes amnepTyphl, yIrioBas pa3pelarolas CIOCOOHOCThb, IepeMellleHue
aHTEHHBI 110 CIIY4aliHOMY 3aKOHY, TMarpaMMa HampaBlIeHHOCTH, KO3 PHUIIMEHT OOKOBBIX JICTIECTKOB.

RESEARCH OF THE SYNTHESIZED APERTURE DIRECTIONAL PATTERN
CHARACTERISTICS WITH THE RANDOM NATURE OF THE ANTENNA MOVEMENT
A.D. Mikhailov
A.V. Myakinkov
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The author provides aresearchof the synthetic aperture directional patternparametersin the
conditions of the antenna movement random nature.

Design / methodology / approach: The paper considers one of the methodes to increase the angular
resolution of millimeter-range radars. The method is to form a directional pattern with a narrower beam
by using random fluctuations of the antenna to synthesize the aperture. In order to show the efficiency of
this approach, there were were performed an experiments with a mathematical model.

Findings: The paper finds out the dependences of the main beam width and the side lobe coefficient of
the synthetic aperture directional pattern on the antenna coordinate standard deviation, the standard
deviationof the antenna coordinate estimation error and the number of different position radar scans,
wichare used for the synthetic aperture forming.

Researchlimitations/implications: Research is limited tothedirectional pattern main beam forming
angle, close to zero degrees.

Originality/value:Theprovided dependencies reveal the potential possibility of using radar random
fluctuations to improve the angular resolution.

Key words:synthetic aperture, angular resolution, a random radar moving, directional pattern, side
lobe coefficient.
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YK 537.87
AHTEHHO-®UJEPHASA CUCTEMA PAIMOUHTEP®EPOMETPA
CYBMWJIJINIMMETPOBOT' O TUAITA30HA
E.1O. I'ajinyimna
ORCID: 0000-0002-8554-4116 e-mail: okatrin@list.ru
B.H. UxoHHUKOB
ORCID: 0000-0001-9455-4001e-mail: ikonnikov-vn@yandex.ru
H.C. Kopnes
ORCID: 0000-0002-7848-3917e-mail: korneff15@rambler.ru
A.B. Hazapos
ORCID: 0000-0002-0261-1724e-mail: nazarov52@mail.ru
®denepanbHOE TOCYIapCTBEHHOE YHUTapHOE npeanpusarue «Poccuiickuit @enepanbubiii Aaepusiii Lientp
— Beepoccuiickuii Hayuno-Hccnenosatensckuit MHcTuTyT OKcniepuMenTaibHol Ousuku"

Crienuduka ra30JMHaAMUYECKUX B3PBIBHBIX IPOIECCOB TPEOyeT ¢ OAHOH CTOPOHBI pa3MeEIICHUS
paauountepdepomerpa (PU) Ha paccTosHUAX B €IMHULIBI METPOB OT 00BEKTAa AUArHOCTUKH, C APYrou
CTOPOHBI — pa3MelleHus1 u3nydarens ¢puaepHoit nuaun PU B HemocpencTBEHHON OIM30CTH OT 0OBEKTA.
Jlis MUHUMU3alUU TOTEPh B CyOMUJUIMMETPOBOM (cyOMM) auana3oHe mpu paccrosHusix or PU go
oobekrta 1..1,5 M mpemIokeHo ABa BapHaHTa CUCTEM KaHAJTU3AIMK 30HIUPYIOIIero u3nydeHus. [leporii
BapUaHT OCHOBaH Ha YHUKAaJIbHOM CBOMCTBE CBEPXPAa3MEpHBIX METANIMYECKUX BOJIHOBOAOB (CPMB) —
PE3KOM YMEHBILIEHUU TOTOHHBIX MOTEPh C YBEIMUYEHUEM OTHOLIEHUS IIONIEPEYHOr0 pa3Mepa BOJIHOBOA K
mivHe BosHbL. [Ipennoskena xomOunupoBanHas ¢unepnas nunus (PJI), comepskamias NPOTSHKEHHBIE
yuactku CPMB u xopoTkue rudkue ydyacTKu JTUIIEKTPUYECKOro BOJIHOBOAa. BTOpoii BapuaHT aHTEHHO-
¢unepHoir cucrembl (ADPC) PU ocHoBaH Ha (opMUpPOBaHMHM B CBOOOJHOM IPOCTPAHCTBE
c(hOKYCHPOBAHHOTO BOJHOBOT'O Ty4YKa JBYX3EPKATBHONW KBAa3HMONTHYECCKOH aHTEHHOW C PacCIleIlJICHHBIM
¢doxycoMm. PaccmoTpeH BapuaHT koHCTpykTHBHOro ucnonHeHuss A®C ¢ ¢(okycupoBkoil mydka Ha
paccrosinuu 1 M oT packpbiBaaHTeHHbI.Ha OCHOBaHMM pe3yIbTaTOB YMCIEHHOTO MOJEIUPOBAHUS BbIOpaH
ONTHUMAJIBHBIA PYMOPHBI 00Jy4arens, oOecrneunBaronii TpeOyeMylo AuarpaMMmy HaIlpaBICHHOCTH U
COOTHOLICHHE MEXIy (QoKycaMu JBYX 3epkal u oOayuartend. [IlpumeHeHHe mpeioKEeHHON
kBasuonTuueckon ADC B coctaBe paguouHTepdepoMerpa IMO3BOJUT MOJYYUTh MHHHMMAJIBHO
BO3MOXXHbIE NOTEPU B HU3MEPUTENBHOM TPaKTE, YTO PACIIMPUT BO3MOXKHOCTH JTUArHOCTHUKU B CyOMM
Jana3oHe.

Knrouesvie cnosa: cyOMUIIIMETPOBBIIN MaNa3oH, CBEPXPa3MEPHBII BOJHOBO/I, KBa3HONTHYECKAs
antenHa, KBY unrepdepomerp

ANTENNA-FEEDER SYSTEM FOR SUB-MMRADIOINTERFEROMETER
Ye.Yu. Gaynulina, V.N. Ikonnikov, N.S. Kornev, A.V. Nazarov
FSUE RFNC Russian Scientific Research Institute of Experimental Physics

Purpose:Minimization of losses in extended antenna-feeder systems in submillimeter (submm) range for
the radiointerferometer (RI1) and diagnosed object communication

Design/methodology/approach:The proposed combined system has length of 1..1,5 m and based on an
extended oversized metal waveguide (OMW), straight or turned, and a short section of a dielectric
waveguide to ensure the line flexibility. Significantly lower losses are obtained by using the developed
two-mirror split-focus antenna (TMA) , which focuses the wave beam at 1 m distance from the RI
Findings:In the developed combined system the acceptable loss level is achieved due to the unique
property of OMW — a severe decrease of losses with the increase of a waveguide cross-sectional size to
the wavelengh ratio. In the antenna-feeder system implemented on a quasi-optical principle, as
TMA,minimum possible losses are achieved by the concentration of energy in the focus and the
propagation of the wave beam in free space.

Research limitations/implications: The development of described waveguide systems provides the
possibility of fast gas-dynamic processes diagnosing in the submm range

Value:RI usage in submmwavelengh range, in contrast to the mm range, provides an increase of the
spatial resolution and measurements accuracy of the dynamic object’s characteristics

Keywords: submillimeter range, waveguide feeder line, quasi-optical antenna, UHF interferometer
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PASPABOTKA MUC ITPUEMOINNEPEJATYUKA MUJIJIMMETPOBOI'O IUAITA3OHA
JJIMH BOJIH
A.N. I[IoKOBl
ORCID: 0000-0002-2642-1394e-mail: dukov4@rambler.ru
N.B. Malcapuels1
ORCID: 0000-0002-1796-4530e-mail: ilya0296@gmail.com
A.B. Ha3ap0132
ORCID: 0000-0002-0261-1724e-mail: aNazarov@niiis.nnov.ru
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b.1O. I_[apeB‘2
ORCID: 0000-0001-8975-1588e-mail: b.yu.tsarev@gmail.com
1AKI_II/IOHepH06 obmectBo «Hay4uHo-Tipon3BoACTBeHHOE ipeanpustue «CairroT
2<I)ez[epaun,Hoe rocyJ1IapCTBEHHOE YHUTapHoe npeanpusarue «Poccuiickuit enepanbHbli
SAnepusrii Llentp Beepoccuiickuii HaydHO-HCCIET0BATEIBCKUN HHCTUTYT IKCIIEPUMEHTAITLHOU (DU3HKNY,

Haubonee BaxxHbIM y3510M paauosiokanmonHoro jaaruuka (PIl), ompexnenstoimum ero OCHOBHbIE
TEXHUYECKHE XapaKTEPUCTHKH, SBIASETCS mnpueMonepenaronmii mMoxyns (ITIIIM). Baxuocts IITIM
3aKJII0YAETCsT B TOM, YTO €ro IapameTpbl M XapaKTEPUCTUKU B 3HAYUTEIIBHOW CTEIEHU OIPEIEISAIOT
sbdexktuBHOCT, Bcero P/l B 1menom  (AanbHOCTH  JEWUCTBUSA, pa3pellalollyld  CIOCOOHOCTD,
MaccorabapuTHbele Xapakrepuctuku). [lostomy nmpenbsiisemsie TpeboBanus K P, B mepByro odepens,
otHocsates Kk IITIM.IToctpoenne CBY TIIIM Ha 0a3e MOHONUTHBIX HHTErpaibHbix cxem (MHUC)
MIO3BOJISIET YNPOCTUTH TOIOJIOTMIO IIIaThl MOAYJSA, IIOBBICUTH TEXHOJIOIMYHOCTH W3TOTOBIICHHS,
HAJEKHOCTh U YIapOCTOHKOCTh Bcero PJI, cHU3UTH ero maccy, rabaputbl U CTOMUMOCTbh M3TOTOBJICHUS,
OCYIIECTBUTH UMIIOPTO3aMEIIEHNE KPUTHUECKH Ba)KHOM 371EMEHTHOM 0a3bl.

B nmokimane mpencTaBieHbl  pe3ylbTaThl  KOHCTPYKTOPCKO-TEXHOJIOTMYECKOW — pealiv3aluu
npreMonepesaTyuka MUUIMMETPOBOIO JMara3oHa JUIMH BOJIH Ha ocHoBe TexHosoruu GaAspHEMT, a
TaKXKe pe3yJIbTaThl €ro MPeIBAPUTEIbHBIX UCIIBITAHUN.

Kniouegvie cno6a:paguoOKallOHHBIN JAaT4yuK, NPHEMOIICpEAAOIUd MOAYJIb, MOHOJIMTHAs
uHTerpayibHas cxema, GaASpHEMT.

DEVELOPMENTOF MIC MM WAVELENGTH TRANSCEIVER
D.l. Dyukov, I.V. Makartsev, A.V. Nazarov, R.R. Osmanov, B.Yu. Tsarev
Scientific-Production Enterprise “Salyut” Joint-Stock Company
Federal State Unitary Enterprise “Russian Federal Nuclear Center All-Russian Research Institute of
Experimental Physics”,

Purpose: Purpose of this work is development of technology, design, simulation and construction
methods of mm wavelength transceiver monolithic integrated circuits (MIC) with monolithic integrated
design using GaAs pHEMT technology.
Design / methodology / approach: MIC transceiver design projected on GaAs pHEMT technology with
T-form minimal transistor gate length 0.07 um by SPE “Salyut” JSC.
Findings: MIC transceiver technical solution was mastered. Design documentation was developed.
Transceiver prototypes were manufactured. Prototype preliminary tests were realized successfully.
Research limitations/implications: Developmental work of transceiver package and hermetic sealing is
necessary for transceiver use consisting of mm wavelength radar detectors.
Originality/value: MIC transceiver development will enable to raise manufacture technological
effectiveness, reliability and impact resistance of perspective mm wavelength radar detectors.

Keywords: radar detector, transceiver, monolithic integrated circuit, GaAs pHEMT.
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YK 53.08
WCCJEJOBAHHME ONITUYECKOM JIMHUM 3AJIEP)KKH
HA OCHOBE BOJTOKOHHBIX BPOI'TOBCKUX PEHIETOK C ITIOMOIIbIO
BEKTOPHOI'O AHAJIM3ATOPA IIENEN
M.C. OubxoBa
ORCID: 0009-0004-3152-1252 e-mail: marinaolhova98@yandex.ru
A.C. PaeBckuii
ORCID: 0000-0001-8678-0949e-mail: raevsky as@mail.ru
Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yauusepeuteT uM. P.E. AnekceeBa

B pabore paccMaTpuBaeTcsi SKCHEPUMEHTAIbHBI MakeT ONTHYECKOM JIMHUM 3aepiKKH,
CO3JIaHHBI Ha OCHOBE BOJOKOHHBIX OparroBckux pemerok (BBP). On Bkmowaer B cebs
NIEKTPOONTUYECKUI MOIYJIATOP MHTEHCUBHOCTU H3JIyYEHUS, COCIUHUTEIIBHOE ONTHYECKOE BOJOKHO,
BOJIOKOHHBIA IUPKYJsTOp, HAO0p BBP 1 portonpuemuuk. U3mepenus npooaniuck Ha CBY BexTOopHOM
ananu3atope Ieneii Rohde&SchwarzZVA40. Msmepenns BKIOYaId HccieaoBaHue (pa304acTOTHOM
XapaKTepUCTUKU MaKeTa, a TAKXKe HEITOCPEICTBEHHO BPEMEHHOMN 3aJIEPIKKH.

[TocnenoBarenbHOE BKIIOUEHUE HECKOIBKUX BBP ¢ paznuuHbIMM LIEHTpaJIbHBIMM JUIMHAMH BOJIH
CIEKTpPa OTPaK€HUSI MOXKET ObIThb MpEACTaBlIeHO B BHae oaHOM BBP ¢ mnepemeHHbIM mepuoaoM,
HanpuMep, YUpIUPOBaHHOM.

B monydenHOM MakeTe BpEeMEHHasl 3a/lep)KKa IMPEJCTaBIsIeT COO0OW (YHKIHUIO OT JJITUHBI BOJIHEI
UCTOYHUKA M3JIydeHHusa. /s mociienoBaTenbHOro BKIIIOUEHHUS HECKOJIBKUX OJHOpOAHBIX BBP Bpems
3aJIEP)KKM  U3MEHSETCS JTUCKPETHO, 4YTO OOYCJIOBJIEHO JJIMHOW BOJOKOHHOIO CBETOBOJA MEXAY
3anucaHHbIMM perietkamu (nopsiaka 0,5 m). Ilpu nepexone k uupnupoBaHHoid BBP MoxHO monyuuTsb
HEIPEPBIBHO IEPECTPAUBAEMYI0 ONTHUYECKYIO JIMHUIO 3aJIePKKH, KOTOPYI0 MOYKHO HCIIOJIb30BAaTh B
Pa3IMYHBIX TEXHUYECKUX 3a/adax.

Knwouesvie cnoga:pannopoTOHNKA, ONTHYECKAs JMHHUS 3aJCPKKH, BOJOKOHHAS OpATTOBCKas
pelieTka

INVESTIGATION OF THE OPTICAL DELAY LINE BASED ON
FIBER BRAGG GRATINGS USING A VECTOR NETWORK ANALYZER
M.S. Olkhova, A.S. Raevsky
Nizhny Novgorod State Technical Universityn.a. R.E. Alekseev, Nizhny Novgorod

Purpose: The author experimentally investigates the layout of an optical delay line based on fiber Bragg
gratings (FBGS).
Design / methodology / approach: Experimental studies are carried out using a vector network analyzer.
With its help, the complex S-parameters of the layout are measured and the frequency response and delay
time are determined.
Findings: In the work it turns out that the sequential inclusion of several FBGs is a tunable optical delay
line controlled by the wavelength of the laser source radiation. A chirped FBG can also be represented by
a sequential set of homogeneous FBGs. Such a delay line will be tuned continuously.
Research limitations/implications: Compared to the chirped FBG, the set of homogeneous gratings
includes a connecting optical fiber. Because of this, the delay line is tuned not continuously, but discretely
with a large step.
Originality/value: The value of the work lies in the use of a new idea of creating a tunable optical delay
line. The measurements carried out during the execution of the work confirm the operability of the
created layout. According to the conclusions made about tunable delay lines, such devices have the right
to exist and use in various technical applications.

Key words:microwave photonics, optical delay line, fiber Bragg grating
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'Bomkckwuit TOCYIapCTBEHHBIN YHUBEPCUTET BOIHOTO TPAHCIIOPTA
2I/IHCTHTyT npukinaanoi ¢pusuku um. A.B. 'anonosa-I'pexoa PAH

CoBpeMEeHHBIE THPOTPOHHBIE KOMIUICKCHI, pabOTaroIIne B HEMPEPHIBHOM PEXHUME, ¢ pabounMu
yactotaMu 24-30 I'Ty ¥ BBIXOAHOM MOIIHOCTBIO B HECKOJIBKO JECATKOB KHJIOBATT YK€ IO3BOJIJIU
OCBOUTH TaKW€ TEXHOJOTMHM, KaK CIIEKaHHE KEPAMHYECKHX U KOMIIO3UTHBIX MAarepuasos,
MJIa3MOXMMHUYECKOE BBIPAIIMBAHUE AIMA3HBIX IUICHOK M JUCKOB, YCIEIIHO HCHONB3YIOTCS IJII OYUCTKU
ra30BBIX BBIOPOCOB, MPOM3BOACTBA CTEKON M Jp. HeoOxomuMbeIM yciaoBueM st pabOThl THPOTPOHA —
AIIEKTPOBAKYYMHOTO MPHUOOpPa OCHOBAaHHOTO HAa PE30HAHCHOM B3aMMOACHCTBHM 3JEKTPOHHOTO MOTOKA,
JBIKYIIETOCS B MArHUTHOM TI0JI€ C OJTHOM M3 COOCTBEHHBIX MOJ KPYIJIOTO BOJHOBO/IA, SIBJISIETCS HAIUYWE
MarHuTHOHM CHCTEeMBbI. DHepromnoTpedieHne Maruuta Bo MHorom omnpeaenser KITJ[ komriekca B memom u
JUTSI CHYDKEHHSI DHEPro3arpar MOXHO BOCIIOJIB30BaThCSl MAarHUTHBIM dKpaHupoBaHueM. OJHAKO, B 3TOM
cillydae BO3HHMKaeT crnenududeckas aedopmMaius MPOJOILHOTO MarHUTHOro mons. B wacTHOCTH,
HAOJIO/IaeTCsl PE3KH CIaJl €ro HANPSHKEHHOCTH B 00JIACTH KaTO/Ia M KOJUIEKTOpA THPOTPOHA, YTO, B CBOIO
odyepeib, MPUBOIUT K YCIONKHEHHIO TOIMOJIOTMU 3JIEKTPOHHOTO MOTOKAa. COOTBETCTBEHHO C LEJIBIO
«HOpMaJM3allMW» MArHUTHOTO TIOJISI TPENJIaraeTcsi HCIOJIb30BaTh HECKOJIBKO JTIOMOJHUTEIBHBIX
MaJIOMOIIHBIX KaTyIIEeK, pacueT HeOOXOMUMBIX ISl ATOrO 3HAYEHHH MapaMeTpOB KOTOPBIX BBIMIOTHEH B
cpene nporpammuoro makera CST StudioSuite.B moknage mpuBenaeH mnpumep pacdéra MarHUTHO-
SKPaHUPOBAHHOW CHUCTEMBI, PUMEHSIEMON B TEXHOJOTHYECKOM THPOTPOHHOMKOMILIEKCE ¢ paboueit
yactoToi 28 I'T'm.

KuoueBble cJ10Ba:THPOTPOH, MarHuTHas cuctema,CSTStudio, KoekTopHbIe KaTyIKu

OPTIMIZING THE MAGNETIC SYSTEM OF THE GYROTRON COMPLEX
A.A. Orlovskiy*?, M.D. Proyavin', Yu.S. Fedosenko?
WolgaStateUniversityofWater Transport
2A.V. Gaponov-GrekhovInstitute of Applied Physicsof the Russian Academy of Sciences

Purpose: The purpose of this article is to normalize the magnetic field of a gyrotron complex operating in
a continuous mode.

Design/methodology/approach: One of the possible ways to achieve this goal is to develop a
magnetically shielded system based on additional low-power magnetic coils.

Findings: An adequate digital simulation and calculation of the parameters of additional magnetic coils
was carried out in the environment of the CST Studio Suite software package, which was demonstrated
on the example of a gyrotron complex operating at a frequency of 28 GHz.

Research limitations/implications: The results presented in the report serve as a starting point for
research and development in the field of theory and design of gyrotron complexes.

Practical implications: Reducing the level of energy consumption, increasing the overall efficiency of
the gyrotron complex.

Originality/value: Energy-efficient gyrotron technologies are really in demand; their extended practical
implementation will make it possible to successfully master new and expand the scope of existing
industrial technologies for sintering composite materials, growing diamond films and disks, and cleaning
gas emissions.

Keywords: gyrotron, magnetic system, CST Studio, collector coils
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VK 621.372.56
NU3MEHEHUE MNAPAMETPOB IIVIEHOYHBIX IMOT'JIOINAKOHIUX DJIEMEHTOB 1101
NEVMCTBUEM UMITYJIbCHOM MOIIIHOCTH
A.B. IInnbkeBu4
ORCID: 0000-0002-8246-492X e-mail: anton-pi@yandex.ru
B.JI. CaaxoB
ORCID:0000-0002-0917-1186e-mail: sadvd2016@mail.ru
Hwxeropoackuii rocygapcTBeHHbIN TeXHUUecKui yHuBepcureT uM.P.E. Anekceesa

[Inenounsle mnornouatone s3aemMeHTsl  (I1D) mMpoko MCHONAB3YIOTCS UId  MOCTPOEHUS
BBICOKOKAYECTBEHHBIX U3MEPUTEIIbHBIX YCTPONCTB — KOAKCUAIBHBIX, ITOJIOCKOBBIX U MUKPOIOJIOCKOBBIX
aTTeHioaropoB u ananroarreHtoaropos, B [MIC BYU u CBY guanazonoB.CoBpeMEHHOE COCTOSIHUE HUX
pa3BUTHUSL XapaKTEPU3YEeTCs IOMCKOM IyTE€H MOBBILIEHUS 3JIEKTPUUYECKUX XapaKTEPUCTHUK, JIyYILIEro
IIOHUMaHUs npoucxonaumx B I19 mpoueccos.

3HAUYMUTENbHBI WHTEPEC B ITOW CBSI3M MPEACTABISET HMIYJIBbCHBIA pexuM pabdoter [13, mpwu
KOTOPOM MI'HOBEHHBIE 3HAUEHHUS BBIJCIAIOIIECNHCS MOLIHOCTH M TPAJUEHTOB IOTEHLUAIOB BOJIW3U
BXOJHOTO KOHTaKTa Ha MOPSAJKHU IMPEBBIIIAIOT BEJIMYMUHBI, COOTBETCTBYIOLUIUE CTALIMOHAPHOMY DPEXKUMY,
IIpY KOTOPOM B OTBOJIE TEIUIa YYAaCTBYIOT IMOJAJIOKKA W KOHTAKTHI. [[1s1 MOnenMpoBaHusi UMIYJIbCHOI'O
pexxuma padotsl 1D mumpokoro auamasona ociabiaeHMI MCIONB30BaH MporpaMMHBIN koMmiuieke Elcut.
[Ipu nonaue Ha [1D MMITYyIBCHOM MOLIHOCTH ONpPEAEISAETCS paclpeieeHUe TeEMIIEpaTypbl U yIEIbHOIO
CONPOTHUBIICHUS 1O TOBEPXHOCTU PE3UCTUBHOM IUIEHKM C YYE€TOM 3aBUCUMOCTU  YJEIbHOTO
COIIPOTHBIIEHUS OT TEMIIEPATYPbI, BBIYUCIIAIOTCS apameTpsl [1-o0pa3Hoit cxemsl 3amenienus 110 B 50 —
OMHON IJIMHUU TepeAayd, a TaKKe BXOJHOE/BBIXOJAHOE COMpOTUBJIeHHE U ociabnenue. [lokazana
CYLIECTBEHHOCTh U3MEHEHUH napameTpoB [0 u npuBeneHbl COOTBETCTBYIOLINE 3aBUCUMOCTH OT YPOBHS
BXOJIHOM MOIIHOCTH, KO3((UIMEHTa TEeIIONPOBOAHOCTH, YIEIbHOTO COIMNPOTUBICHUS PE3UCTUBHOM
IJICHKH.

Knrouegvle cnoga’ NieHOYHBIN NOTIOMAKOIIANA 3JIEMEHT, ATTEHI0ATOP, UMITYJIbCHBINA PEXHM.

CHANGING THE PARAMETERS OF FILM ABSORBING ELEMENTS UNDER THE ACTION
OF PULSED POWER
A.V. Pilkevich, V.D. Sadkov
Nizhny Novgorod State Technical University n.a. R.E. Alekseev

Purpose:Search for ways to improve electrical characteristics, a better understanding of the processes
occurring in AE.
Design / methodology / approach:TheElcut software package was used to simulate the pulse mode of
operation of a wide range of attenuations of AE.
Findings:When pulse power is applied to the AE, the distribution of temperature and resistivity over the
surface of the resistive film is determined, taking into account the dependence of resistivity on
temperature, the parameters of the U-shaped AE replacement circuit in the 50—Ohm transmission line
are calculated, as well as input /output resistance and attenuation.
Research limitations / implications:Pulse mode of operation AE is a mode of operation in which the
instantaneous values of the released power and potential gradients near the input contact are orders of
magnitude higher than the values corresponding to the stationary mode, in which the substrate and
contacts participate in heat removal.
Originality / value: The significance of changes in the parameters of AE is shown and the corresponding
dependences on the output power level, thermal conductivity coefficient, resistivity of the resistive film
are given,

Key words: film absorbing element, attenuator, pulse mode.
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HNOTJIOIMAKOIUE SJIEMEHTBI AJAIITOATEHIOATOPOB C BOJIBIIINUM
KO®OPUIUEHTOM TPAHCOOPMAILIUAN
A.B. InnbkeBn4
ORCID: 0000-0002-8246-492X e-mail: anton-pi@yandex.ru
B.JI. CaakoB
ORCID:0000-0002-0917-1186e-mail: sadvd2016@mail.ru
Hwxeropoackuii rocygapcTBeHHbIN TeXHUUecKUi yHuBepcureT uM.P.E. Anekceesa

IupokomnonocHble (PUKCHPOBAHHBIE ATTEHIOATOPHI C TUIEHOYHBIMH MOTJIOIIAIOIIMMYU 3J€MEHTaMU
(ITD) mIMpOKO HMCIONB3YIOTCS B MU3MEPHUTENBHBIX CUCTeMaX. Pa3HOBUIHOCTBIO aTTEHIOATOPOB SIBIISIOTCSI
alanTOATTEHIOATOPBI, O0ECIIEYNBAIOIINE TPaHC(HOPMAIIUIO CONMPOTHBICHUH. AHAIN3 MEPCHEKTUBHBIX
torosioruii 1D amanToaTTeHI0ATOPOB, MO3BOJSIONIMX B MajbIX radapurax 00eCIeYuTh HEOOXOIUMBIN
IaMana3oH  ocnabimeHuid W KOd((UIMEHTOB  TpaHCchOpMAlMKM  SBISIETCS  [EJbI0  HACTOSIICH
paboteLIIpemnaraempie Tomonorun I1D  amanToaTTeHIOATOPOB TO3BOJISIFOT 33 CYET ONTHMH3AIUU
npodmiIs BXOJHOTO W BBIXOJHOTO KOHTAKTOB CYIIECTBEHHO YMEHBIIUTH IUIOTHOCTH MOIIHOCTH H
3HAYCHUsI TPAJMUCHTA MOTEHIMala BOJU3U 3TUX KOHTAKTOB. J[JIsl pelieHus 3ajadd UCIOJIb3yeM METOJ
KOH(OPMHBIX OTOOpa)XKEHUH M KOHEYHBIX 31eMeHTOB.I1D ¢ yMeHbIIEHHBIMH 3HAYECHUSMH TPaTUCHTOB
MOTEHIMAJIOB M IUIOTHOCTEH MOIIHOCTH B PE3UCTUBHOW IUICHKE IMOJy4aeM, MPHMEHSS ONTHMAIbHBIH
npodmIb BXOAHOTO/BBIXOAHOTO KOHTakTOB IID. OTmeueHO, 4TO BapuaHThl Ha 0a3e OTHOPOIHOM
PE3UCTHBHBIX TUICHOK HE CIIOCOOHBI 00ECIIeUnTh 3HaUeHUs KO3(h(UIIMEHTOB TpaHCchopMalum, 0obIe 3.
Tonpko Ha 1D ¢ KyCOYHO-OTHOPOTHOM IICHKOW KOAPPUITUEHT TpaHCcHopMauu MOKET qocturath 80 —
100. ITomyueHHble pe3ynbTaThl CYIIECTBEHHBI I paboTel 1D amantoaTTeH0aTOpOB B HMITYJIHCHOM
pexuMe, B KOTOPOM MIHOBEHHBIC 3HAUEHUS BBIZCISIONICHCS MOIIIHOCTH U TPAJMEeHTa MMOTeHIIMAIa BOIU3U
BXOJTHOT'O KOHTaKTa Ha MOPSIIKH MPEBHIIIAIOT BEIMYUHBI, COOTBETCTBYIOLINE HEPEPHIBHOMY PEIKUMY.

Knwoueevle cnoea: TINCHOYHBIA TOTJIOMAIONIMNA DJIEMEHT, aJalTOATTEHIOATOP, TPaIUuCHT
MOTEHIMAJIA, TUIOTHOCTh MOIITHOCTH, OIITUMAJIbHBIA TIPO(HITH.

ABSORBING ELEMENTS OF ADAPTOATENUATORS WITH A LARGE
TRANSFORMATION COEFFICIENT
A.V. Pilkevich, V.D. Sadkov
Nizhny Novgorod State Technical University n.a. R.E. Alekseev

Purpose:Analysis of promising topologies of AE adaptoattenuators, allowing in small dimensions to
provide the necessary range of attenuations and transformation coefficients.
Design / methodology / approach:The proposed topologies of AE adaptoattenuators allow, by
optimizing the profile of the input and output contacts, to significantly reduce power densities and
potential gradient values near these contacts. To solve the problem, we use the method of conformal maps
and finite elements. AE with reduced values of potential gradients and power densities in a resistive film
is obtained by applying the optimal profile of the input/output contacts of AE.
Findings: AE with a piecewise homogeneous film, the transformation coefficient can reach 80 — 100.
Research limitations / implications:It is noted that variants based on homogeneous resistive films are
not able to provide values of transformation coefficients greater than 3.
Originality / value:The results obtained are essential for the operation of AE adaptoattenuators in the
pulse mode, in which the instantaneous values of the released power and the potential gradient near the
input contact are orders of magnitude higher than the values corresponding to the continuous mode.

Key words:film absorbing element, adaptoattenuator, potential gradient, power density, optimal
profile.
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BOITPOCHI KOMIIBIOTEPHOT'O MOAEJIMPOBAHUSA OTBETBUTEJISA JIAHTE
C MAKCUMAJIBHO BO3MOXHbBIM INEPEKPBITUEM 11O YACTOTE
M.P. Knpmmosal, 10.B. PaeBCKaﬂz, B.A. Penbkuna’
ORCID: 0009-0003-0725-1945 e-mail: Pumakirill@yandex.ru
ORCID: 0009-0008-2357-2251 e-mail: raevskaja@forum.nn.ru
ORCID: 0009-0005-6073-6241e-mail: redkinavitalina@yandex.ru
1000 «Pamno I'mrabut», Poccus, r. Huxauit HoBropon
2HI'TY um. P.A. Aunekceesa, Poccus, r. Huxuunii HoBropog

PaccmoTpeHbl BO3MOKHBIE BapUaHThl MOCTPOEHUS MOJOCKOBBIX HampaBiieHHBIX oTBeTBUTENei(HO)
Jlanre. BrIOpaHbl KOHCTPYKIMH, TIEPCIIEKTUBHBIC C TOYKH 3PCHHS MOBBIIICHUS MUPOKONolocHOCTH. C
nomotpio nporpammHoro makera CST MicrowaveStudio mpoBeaeHO MOJEIMPOBAHHE CTaHIAPTHOM
KOHCTPYKIIMU oTBeTBHUTENsIJIaHTe, HECKOIBKUX OTBeTBUTENEHJIaHre ¢ BHECEHHBIMU MOIUPUKAIUIMU,
SKPaHUPOBAHHOW CTPYKTYpPhl U KOHCTPYKIMHM C TOJKIIOYEHHBIM pe3ucTtopoM. BriOpana nHaubounee
MoAXOsAIasl MOAU(PUKAIUS CTPYKTYPhl C TOYKH 3PEHUS YBEIUYCHHS [IHMPOKOMOJIOCHOCTH —
KOHCTpYKIussHO c MOJIBEIICHHOMN MOJTIOKKOH. [Tokazana BO3MOKHOCTh MOJTy4YEeHUS
YOBJIETBOPUTENBHBIX XapaKTEPUCTUK YCTPOICTBA B quamnaszone yactot oT 4,4 I'T' no 26,1 I'T.

Kntouesvie cnosa:nanpaBlieHHBI OTBETBUTENb;, OTBETBUTENbJIaHTe; S-mapamMeTpbl; MOJBEUICHHAsS
MOJIOXKKA.

ISSUES OF COMPUTER SIMULATION OF THE DIRECTIONAL LANGE COUPLER
WITH MAXIMUM POSSIBLE FREQUENCY OVERLAP
M.R. Kirillova®, Y.V. Raevskaya®, V.A. Redkina®
'Radio Gigabit LLC, Russia, Nizhny Novgorod
2 Nizhny Novgorod state technical university N.A. R.E. Alekseev, Russia, Nizhny Novgorod

Purpose: In the course of the work, it was supposed to simulate using the CST Microwave Studio
software package the directional Lange coupler with the maximum possible frequency overlap, while the
operating frequency range of the directional Lange coupler should be in the microwave range (3 GHz-30
GHz), the frequency response unevenness in the operating band should be +1 dB, the return loss in the
operating band no more than -10 dB, phase difference in the operating band: 90°£5°.
Design / methodology / approach: In the course of the work, a literature review was carried out, which
made it possible to identify promising designs of directional couplers from the point of view of
broadband. At the first stage of the work, the standard design of the Lange coupler was modeled. Next,
modeling of the modified design of the Lange coupler was carried out. During the development of the
wideband Lange coupler, various modifications were used and optimized separately and in combination
with each other. Next, the characteristics of the modified directional coupler were studied in the presence
of a screen and a load.
Findings: The most appropriate modification of the structure from the point of view of increasing the
bandwidth of guiding microwave devices was chosen - the design of a directional coupler with a
suspended substrate. The influence of the screen on the characteristics of the device can be considered
insignificant, since its inclusion in the simulation leads to only small oscillations of the S-parameters. The
use of a real resistor showed that the shape of the characteristics is preserved, but the degradation of the
characteristic level by 1-2 dB occurs, so before manufacturing the coupler, it will be necessary to know
the exact model of the resistor to adjust the topology of the coupler.
Research limitations:The study showed that the reduction of gaps and conductors in the communication
area of the device directly affect the achievement of broadband. But manufacturing restrictions on the
minimum dimensions of conductors and gaps, as well as the ability to use only standard substrate
thicknesses and possible materials with certain permittivities, significantly complicate the task and make
it impossible to achieve a wide operating frequency band.
Originality/value: Lange directional couplers are widely used in various branches of radio electronics.
This requires constant improvement of these devices, development of new designs, improvement of their
characteristics. Every year, the frequency ranges of various equipment (balanced amplifiers, wattmeters,
mixers), which include directional couplers, expand and shift to higher frequencies, and in addition, the
requirements for other characteristics of these devices become more stringent.

Keywords:directional coupler; directional Lange coupler; S-parameters; suspended substrate.
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IPUMEHEHHE MOJYJIEi LII®POBO OBPABOTKH CUTHAJIOB Y HEIPOHHBIX
IIPOLIECCOPOB JIJI5 IPEJOBPABOTKY SKCHEPUMEHTAJIBHBIX JAHHBIX

IL.A. Cmomnu™?
ORCID: 0000-0002-5149-5141 e-mail: spa@ipfran.ru
10.C. (I)ez[ocemcol
ORCID: 0000-0002-9434-4386 e-mail: fds1707@mail.ru
'Bomkcknii roCyAapCTBEHHBIN YHUBEPCUTET BOJHOTO TPAHCIIOPTA
2 Wuctutyt npukianHoi ¢pusuku um. AWM. I'anonosa-I'pexoBa PAH»

B cratbe paccMOTpeH METOJ aBTOMATU3MPOBAHHOW MpeAoOpabOTKH AKCIEPUMEHTaIbHBIX JaHHBIX,
3aKIIIOYAIOIIMICS B MX HENPEPbIBHOM COOpe HE3aBUCHMO OT COCTOSIHUS W PEKUMOB pabOThI
AKCIIEPUMEHTAJIbHOM YCTAaHOBKHM, a TakK)K€ IOCIEAYIOIIEro BBIOOPOYHOTO COXPAHEHUS IMOITYYCHHBIX
JaHHBIX B 3aBHCHUMOCTH OT C(HOPMHUPOBAHHBIX HEUPOHHOH CEThIO KpHUTEpPUEB. Ampodamus MeTojaa
MIPOM3BOJMIACH HA AaBTOMATH3MPOBAHHOM THPOTPOHHOM KOMIUIEKce. B KadecTBe COCTaBISIOLINX
3JIEMEHTOB CHUCTEMbI IpenoO0paboTku ucmoib3oBanuch Moayian AO «MHCuc»: mudpoBoir 06paboTKu
nanabix ADP101E1, anamoro-mudposeix mpeobpazosarencii ADM212x40M, ceszu CCPU20, a Taxke
OIBM c¢ omnepammonHoit cuctemonr Astralinux, HelipocereBoit mporieccop SPR2801S  dupmer
GyrfalconTechnology, cxembl muTaHMs, YCHICHHMS M  COIVIACOBAHHS YPOBHEH  HampsOKEHUS.
PaccMoTpeHHBIE METOZ TO3BOJSET CYIIECTBEHHO  IOBBICUTH KadecTBO cOOpa 3HAYMMBIX JUIS
MOCIIEAYIOIIET0 IEJeBOr0 HCIOJIB30BAHUS SKCIEPUMEHTAIBHBIX JTaHHBIX, a TaKKe COKPATUTh 00beM
TpeOyeMol aMsITH JIJIsl KX XpaHCHUS.

Knrouesvie cnoea: HelpoceTeBOW Mpolieccop, TUPOTPOHHBIM KOMIUIEKC, IudpoBas oOpaboTka
curnaznos, [IJIMC, mammaHoe 00yueHue

APPLICATION OF DIGITAL SIGNAL PROCESSING MODULES AND NEURAL
PROCESSORS FOR PREPROCESSING OF EXPERIMENTAL DATA
P.A. Smolin'?, Yu.S. Fedosenko®
"\olga State University of WaterTransport
2A.V. Gaponov-Grekhov Institute of Applied Physicsof the Russian Academy of Sciences

Purpose: The purpose of this article is to implement the technology of automatic processing and
preparation of experimental data obtained during the operation of fast control systems using the example
of a gyrotron setup.
Design/methodology/approach: One of the possible ways to improve the processes of collecting
experimental data of fast systems may be the use of a complex of DSP modules and neural processors.
The article is devoted to the discussion of such an approach, practically implemented on the basis of
system-theoretical research, the subsequent development of model-algorithmic support and its
experimental approbation.
Findings: The model-algorithmic software was developed for automated preparation of experimental data
for further processing, which consists in continuous data collection, regardless of the state and mode of
operation of the operating experimental setup, and selective storage of the data obtained depending on the
criteria formed.
Research limitations/implications: The results of the article serve as a starting point for research in the
field of machine learning and neural network data processing of experimental data.
Practical implications:Improving the quality of experimental data, reducing usage of memory for data
storage.
Originality/value: The system of automated preparation of experimental data for further processing can
be used to collect data obtained during the operation of scientific experimental setups, which can increase
the efficiency of research. There are no such systems on the Russian market.

Keywords: neural network processor, digital signal processing, field-programmable gate array,
neural networks, machine learning
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VIK 000.0.000
MNPOEKTUPOBAHUE U OIITUMU3BALIUA ITAPAMETPOB OTKJIFOYUATEJIA
CAHTUMETPOBOI'O JUAITA30OHA
II.J1. Xanuna
ORCID: 0000-0002-5671-3136 e-mail: polly00615@mail.ru
N.H. lanuioB
ORCID: 0009-0004-2347-8303 e-mail: danilovnn@yandex.ru
OunnanPOAL-BHUNDD «HUNUCuwm. FO.E. CenakoBay

JlMonHbIe OTKIIIOYATENH, MPEACTABIAIONINE COOOH YETHIPEXIMOIIOCHUKH C JIByMsl PEKUMaMH
palboThl, NPUMEHSIOTCS B AHTEHHBIX MEPEKIIoUaTessiX, B YCTPOMCTBaX 3alllUThl NPUEMHHUKA U T.II
XapakTepHble JUIsl HHUX peXUMBl paboOThl: pexuMm mnpomnyckanus, korga CBY-curnan mnoutu
OeCIpenATCTBEHHO IMOCTYIAaeT 4epe3 OTKIIIoYaTelb B HArpy3Ky, M peXHUM 3allUpaHus, KOIJa CHUTHall
3HAYUTEIBHO ocjadnsercs. B  kauecTBe ympapisgioUlero »sjieMeHTa (KIo4a) B OTKIOYATENsX,
BBINOJIHEHHBIX IO T'MOPHUIHO-UHTErpalbHOM TEXHOJOIMM, HCIOIB3YETCs MEepPEKIIoYaTeNIbHbI MO,
IIPEUMYIIECTBEHHO OECKOPIYCHOM, B IBYX KpailHMX COCTOSHUSAX (OTKPBITOM M 3aKPBITOM), YIIPABISAEMBbIN
BHEIIIHUM HanpsbkeHueM. B crarbe mpeicTaBieHbl pe3ylbTarbl pa3palOTKH MareMaTH4ecKod Mopaesu
MIPEJJIOKEHHON CXEMBIOTKIIIOUATENIICAHTUMETPOBOI0 UaNa3oHa, ¢ MOCIEAYIOIUM MPOEKTUPOBAHUEM B
CAIIP HFSS u ontuMunzanueil mapaMeTpoB IJis MOJYYEHHs HAWIYUIIUX XapaKTEPUCTHUK B 33JaHHOM
YacTOTHOM Juana3oHe. B Toxe BpeMs, Kak IIOKa3blBa€T ONBIT IPAKTUYECKOM pealn3aluu
CXEMOTEXHUUYECKUX PEIIEeHHUH, KOHCTPYKIUS OTKI0YaTelis JOKHA UMETh BUJ| 3alpeieIbHOIO BOJIHOBOAA
JUIS1 HCKJTFOYEHUS «IIpOJIa3a» CUTHaa. B cBs3u ¢ 3TuM ObLIO pa3paboTaHO HECKOJIBKO BAPHAHTOB MOJEIEH
OTKJIIOUaTeled W NpPOBEICHOUCCIIE0BAaHUE BJIMSHUS IApaMEeTPOB YCTPOICTBAa OTKIIIOUATENsl HAa €ro
ANIEKTPUYECKUE XaPAKTEPUCTUKU.

Kniouesvte cnosa:ontumusanus, otkimodarens CBY-curnama, pin-gumox,  3ampenesibHbIH
BOJIHOBOJI, IPOEKTUPOBAHHE

DESIGN AND OPTIMIZATION OF DECIMETER RANGE SWITCH PARAMETERS
P.D. Khapina, I.N. Danilov
Branch of FSUE RFNC-VNIIEF "NIIIS n.a. U.E. Sedakov"

Purpose:In this article, it was necessary to develop a mathematical model and design a device ready for
use in microchips.
Design/methodology/approach:Using an existing model with several diodes connected in parallel,
calculate the characteristics and parameters for this range. With the help of HFSS Cad, optimize to reduce
overall dimensions and improve performance. Andthen calculate the dimensions of the hermetic drive
suitable for this device and design a switch in a transcendental waveguide.
Findings:Several variants of circuit breakers have been obtained that are ready for use in circuits.
Research limitations/implications:The best version of the waveguide of each type of switch is
determined, the best arrangement of the diodes when bending the microstrip line.
Originality/value:It turned out that the best performance has a switch made in the form of a p-shaped
waveguide.

Keywords:optimization, microwave signal breaker, pin diode, beyond waveguide, design
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AKTYAJIBHOCTDH COBEPHIEHCTBOBAHUSA HHO®OPMAIIMOHHOI'O 1
TEXHUYECKOI'O OBECIIEYEHUA PAJIMOKOHTPOJIA 3A YCTAHOBJIEHHBIM
HOPAAKOM INIEPEJAYU UHO®OPMALIMHN
B.A. Be3psaaun
ORCID: 0009-0003-0693-1607 e-mail: bezryadin_vlad@mail.ru
Boennslii yueOHO-HayuHBIH HEHTP BoeHHO-BO3AYIIHBIX cil «BOCHHO-BO3/IyIIIHASL aKaAEMUs
um. ipod. H. E. XKykosckoro u 0. A. I'arapunay (r. BopoHexk)

[IpeacraBieHbl HampaBlIEeHUs COBEPIIEHCTBOBAHMS MH(MOPMALMOHHOTO M  TEXHUYECKOI'O
o0ecrieyeHus PaJAUOKOHTPONS 3a YCTAaHOBJICHHBIM IOPAIKOM IMepedaud wuHpopmanmu (namee —
panuokoHTpossl).B Hacrosiiee BpeMs HMeET MeECTO Clelylollee MPOTUBOpPEUYHE: C OIHOM CTOPOHBI
OOBEKTUBHBIA pPOCT 00BbEMOB HH(POPMALIMHU, TMEPEAABAEMBbIM IO CPEICTBAM M CUCTEMaM CBSI3U IS
obecriedeHus: BO3pOCIIEr0o 00beMa M 3HAYMMOCTHM pELIAeMbIX 3aJad aBHAL[MOHHBIMH YacTAMHU, a C
ApYroil — OrpaHUYEHHOCTh CHJI M CPEICTB PAAMOKOHTPOJS, CHIKAIOIMUX APPEKTUBHOCTH €r0
IpoBeficHus. Pazpelienue  1aHHOTO NPOTHBOPEYUS BO3MOXKHO IIYTEM pPEIICHUs HAydyHOM 3alauu:
pa3pabOTKN TEOPETUYECKUX IMOJOKEHUH MO CI0COOaM TMOBBIIICHUS OINEPAaTMBHOCTH PAAMOKOHTPOIIA3A
CYET COBEPLICHCTBOBAHUAIUIAHUPOBAHUSIM OOpaOOTKM pe3ylbTaTOB PaJMOKOHTPOIISIC HCIIOIb30BAHUEM
CPEIICTB aBTOMAaTH3aLUN.

Knrwouesvie cnoga:apromarusanus, nHhopMalMoOHHOE oOecrieueHne, TEXHUUECKoe obecreueHue,
OIIEPATUBHOCTH,PATHOKOHTPOIb, 3PPEKTHBHOCTD.

RELEVANCE OF IMPROVEMENT OF INFORMATION AND TECHNICAL SUPPORT
OF RADIO CONTROL FOR THE ESTABLISHED ORDER
OF INFORMATION TRANSMISSION
V. A. Bezryadin
Zhukovsky and Gagarin Voronezh Air Force Academy

Purpose: to increase the efficiency of radio monitoring when planning and processing its results using
automation tools.
Design/methodology/approach: theoretical provisions on ways to increase efficiency by improving
planning and processing the results of radio monitoring using automation tools.
Findings: the methodological basis for solving this problem is the implementation of information
processing procedures through the use of an additional (reserve) resource of the computing environment
of automated systems when planning and processing the results of radio monitoring.
Research limitations/implications: research is carried out in relation to radio monitoring of the
established procedure for transmitting information when solving problems by aviation units.
Originality/value: for the first time, the problematic issues of increasing the efficiency of radio control
over the established procedure for transmitting information in solving problems by aviation units are
considered in a comprehensive manner.

Keywords:automation, information support, technical support, efficiency, radio control, efficiency.
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VIK 6.3.1
HoAXOJA K OHEHKE 'OTOBHOCTHU PECYPCA CUCTEMBI CBSI3U K
OBECIHEYEHUWIO HEITPEPBIBHOCTHU YIIPABJIEHUS ITOJIETAMHU
T'OCYJAPCTBEHHOM ABUAIINU

C.C. Beaoycos

ORCID: 0009-0001-4483-4600 e-mail: belousovtel@yandex.ru
I1.A. ®exronun

ORCID: 0000-0001-6663-4362 e-mail: fpal969@yandex.ru

M.A. Cradeesn

ORCID: 0009-0002-4460-911X e-mail: stafeewmih@yandex.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 cratbe paccMOTpeHbl pOJIb U MECTO CHUCTEMBbl CBSI3U B 00ECHEUEHHM HEIpPEepPbIBHOCTU
YOPaBJICHUS CHJIAMH TOCYJAPCTBEHHOM aBHAlMM B IIPOTHO3UPYEMBIX YCJIOBMSX  BBIIIOJIHEHUS
IIOCTABJICHHBIX 3a/a4, a TAK)KE IPEIUIOKEH IMOAX0/ K aJanTaly CUCTEMBI YIIPABJICHU, IIyTEM IIepeaadu
YOpaBJICHUS aBHALMEM HA IIyHKT YIPABJICHUS ONTUMAJbHBIM IO pecypcy CBs3u. B 0OCHOBY
METOAOJIOTMYECKOr0 TMOAXO0/a I0JIOKEHA OLEHKAa (DYHKIMOHAJIBHOTO COCTOSHUS CHCTEMBI CBSI3UM Ha
OCHOBE KOJIMYECTBEHHOIO M KAa4yeCTBEHHOI'O aHAJIM3a XapaKTePUCTUK HANPABICHUHW CBSI3H MEKIY
IIYHKTaMH YIIPABJICHUS.

Kniwuegvie cnoea: HENPEPHIBHOCTb YIPABICHUS, CHCTEMa YIPABICHUSA, CHCTEMa CBS3H,
rocyZapCTBCHHas aBUALMs, MOHUTOPHUHT, aallTalHus.

AN APPROACH TO ASSESSING THE READINESS OF THE COMMUNICATION SYSTEM
RESOURCE TO ENSURE THE CONTINUITY OF FLIGHT CONTROL OF STATE AVIATION
S.S. Belousov, P.A. Fedyunin, M.A. Stafeev
Zhukovsky and Gagarin Voronezh Air Force Academy

Purpose: The authors propose a methodology for assessing the capabilities of the communication system
to ensure the continuity of control of the state aviation forces, based on determining the degree of
technical readiness of the required communication resource at the control points.
Design / methodology / approach: To assess the condition of the control point from which the aviation
forces are controlled, the main attention in the article is paid to the analysis of the indicator of the level of
functionality of the communication system characterizing the provision of the required communication
resource at the control points. Analysis of the reaction of the system to the destructive effects of the
environment, as well as measures to restore the disturbed state, allow us to assess the dynamics of
transitions from one state to another with probability, and to obtain a vector of probabilities of the states
of the communication system at the current time
Findings: In the article, the proposed methodological approach allows, based on the results of monitoring
by the duty service of the state of the communication system functionality at each of the control points of
the state aviation forces, the management body, taking into account the unified classification of states, can
timely assess the situation and draw a conclusion regarding the optimal communication resource of the
control point and make a decision on the transfer of control.
Research limitations/implications: The limitations are related to the need to have several control points
for aviation forces, in order to be able to choose from them a rational communication resource.
Originality/value: The value of the proposed methodological approach is a scientifically based
calculation of the intensity of loss and restoration of managerial functions of the aviation forces
management bodies, on the basis of which the generalized indicator of the probability of continuity of
aviation forces management is estimated. The application of the developed assessment methodology
makes it possible to increase by 15-20% the efficiency of choosing the most rational control point
according to the state of the communication resource and thereby ensure the continuity of control of the
state aviation forces.

Key words: continuity of management, management system, communication system, state
aviation, monitoring, adaptation.
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VIK 6.3.1
NPUMEHEHUE CETEOPUEHTUPOBAHHOI'O IIOAXOAA ITPU OLNEHKE
YIIPABJIIEMOCTH CUCTEMOM CBSI3U " PAJJMOTEXHUYECKOI'O OBECIIEYUEHU S
IMOJIETOB 'OCYJAPCTBEHHOM ABUAIINU

C.C. Beaoycos

ORCID: 0009-0001-4483-4600 e-mail: belousovtel@yandex.ru
I1.A. ®exronun

ORCID: 0000-0001-6663-4362 e-mail: fpal969@yandex.ru

M.A. Cradeesn

ORCID: 0009-0002-4460-911X e-mail: stafeewmih@yandex.ru

BoeHnHbIl yueOHO-HAY4YHBIN IIEHTP BOGHHO-BO3MYIIHBIX CHIT «BOEHHO-BO3TyIIIHAS aKaAeMUs
um. ipo¢. H. E. XKykosckoro u FO. A. I'arapunay (r. Boponex)

B crathe paccMOTpeHBI pOJIb U MECTO CUCTEMBI CBS3M B OOCCICUCHUHU YIPABICHHS CHIAMHU
roCy/lapCTBEHHOM aBHMAllMM, a TaKXe OCOOCHHOCTH CETEOPHUEHTUPOBAHHOIO IMOCTPOCHUSI CHCTEMBI
YIIPABIICHUS CBS3BIO, MO3BOJISIIOLIETO MPOU3BECTH OLIEHKY YPOBHSI YIPaBIIEMOCTH CHUCTEMBI CBSi3U. B
OCHOBY METOJOJOTMYECKOr0 IMOAX0/a II0J0KEHA OLICHKA YIIPABIIEMOCTH Ha TPEX YPOBHSX YIIPABIICHU:
OpraHHU3aIOHHOM, OTICPATUBHO-TEXHUYECKOM U TEXHUIECKOM/

Kniouegvie cnosa: ynpapiseMOCTb, CUCTEMa YINPABICHUS, CUCTEMa CBSI3U, TOCYIAapCTBEHHAs
aBUAIUS, OPTaHbl YIIPaBICHUS, 000CHOBAHHOCTH PEIICHUH.

APPLICATION OF ANETWORK-ORIENTED APPROACH IN ASSESSING THE
CONTROLLABILITY OF THE COMMUNICATION SYSTEM AND RADIO ENGINEERING
SUPPORT OF STATE AVIATION FLIGHTS
S.S. Belousov, P.A. Fedyunin, M.A. Stafeev

Zhukovsky and Gagarin Voronezh Air Force Academy

Purpose: The authors have developed a methodology for assessing the controllability of a
communication system functioning in the interests of managing the forces of state aviation, based on
determining the degree of achievement of goals, i.e. determining the ratio between the number of tasks
performed and assigned to the communications management body, the efficiency of management, as well
as the validity of decisions made.
Design / methodology / approach: To assess the state of controllability of the communication system,
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 probabilistic indicator of the time of the operational management
cycle, characterizing the efficiency of decision-making by management bodies. As criteria for assessing
the level of controllability of the communication system by aviation forces, it is proposed to adopt a scale
classified according to the value of the number of tasks performed by management bodies and
communication specialists, as well as the degree of validity of decisions taken by communications
management bodies. Findings: The proposed methodological approach allows, based on the results of the
evaluation of private indicators, to calculate the degree of controllability of a communication system
functioning in the interests of managing the state aviation forces, to predict the presence of vulnerabilities
at the organizational, operational, technical or technical management level and to make a timely decision
to restore the established parameters.
Research limitations/implications: The limitations are related to the need to have several control points
for aviation forces, in order to be able to choose from them a rational communication resource.
Originality/value: The novelty of the proposed methodological approach is the scientifically based
calculation of the controllability index of the communication system, which provides for determining the
amount of resource used for reflexive control by the opposing party, which has a destructive effect on the
communication system.

Key words: controllability, control system, communication system, state aviation, management
bodies, reasonableness of decisions.
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VIK 6.3.1
OCOBEHHOCTHU OLEHKHU YIIPABJISSIEMOCTHU CUCTEMBI CBSI3U U
PAJIMOTEXHUYECKOI'O OBECIIEYEHMS IMOJETOB T'OCYJAPCTBEHHOM ABUAIIUHA
C YYETOM CTEIIEHU JIETUTUMHOCTHU HEHTPOB YIIPABJIEHUSA
C.C. BejqoycoB
ORCID: 0009-0001-4483-4600 e-mail: belousovtel@yandex.ru
IILA. ®enoHuH
ORCID: 0000-0001-6663-4362 e-mail: fpal969@yandex.ru
M.A. Cradeesn
ORCID: 0009-0002-4460-911X e-mail: stafeewmih@yandex.ru

Boennslil yueOHO-HayuHBIH HEHTP BoeHHO-BO3AYIIHBIX cHil «BOCHHO-BO3/IYyIIIHASL aKaAeMUs
uM. ipod. H. E. XKyxosckoro u 0. A. I'arapunay (r. Boponex)

B crathe paccMOTpeHBI poJib U MECTO CHUCTEMBI CBA3M B OOECIEUEHUHU YMNPABICHUS CHIIAMU
roCy/lapCTBEHHOM aBHAllMM, a TaKX€ OCOOEHHOCTH INPUMEHEHMS CHEUAIN3UPOBAHHOW aBTOHOMHOMU
MpOrpaMMbl KOH(UTYpUPOBaHUS M YOPABIEHUS — MPOrPaMMHOTO areHTa, MO3BOJIAIOIIETO YIPaBIATh
OTJEbHBIMU JIEMEHTAMHU CUCTEMBI CBSI3U U €€ IapaMmeTpamMu. B 0CHOBY METOJ0J0THYECKOro moaxoaa
MOJIOXKEHA OIIEHKA YIPABIIIEMOCTH C yUYETOM CTENEHH JIETUTUMHOCTH LIEHTPOB yIPABJICHHUS.

Knrouegvie cnoea: ynpaBinsieMoCTb, CUCTEMa YIPAaBJICHUS, CUCTEMa CBS3HM, I'OCYJapCTBEHHAs
aBUAIMs, OPTraHbl YIpaBIeHUs, IETUTUMHOCTD IICHTOB YIIPABJICHUS.

FEATURES OF THE ASSESSMENT OF THE CONTROLLABILITY OF THE
COMMUNICATION SYSTEM AND RADIO ENGINEERING SUPPORT OF STATE AVIATION
FLIGHTS, TAKING INTO ACCOUNT THE DEGREE OF LEGITIMACY OF CONTROL
CENTERS
S.S. Belousov, P.A. Fedyunin, M.A. Stafeev

Zhukovsky and Gagarin Voronezh Air Force Academy

Purpose: The authors have developed a methodology for assessing the controllability of a
communication system functioning in the interests of controlling the forces of state aviation, based on an
assessment of controllability taking into account the degree of legitimacy of control centers.
Design / methodology / approach: To assess the state of controllability of the communication system,
which is the technical basis of the control system of the state aviation forces, a generalized indicator is
used — the coefficient of decentralization of management, and private indicators: the share of the
functions of the control center implementing destructive control actions and the average time of the
control cycle. The criterion for assessing the controllability of the communication system is proposed to
take the value of the average time of the duration of the control cycle, which cannot be greater than the
required
Findings: The output results of the methodology are: the average management cycle time, taking into
account the multiplicity of legitimate and illegitimate control centers, satisfying the required values.
Research limitations/implications: The main limitations and assumptions are: communication network
elements are stationary objects with well-known coordinates, operating in a mode in which the number of
control centers and network elements is balanced and the quality parameters of network connections
correspond to the required values.
Originality/value: The novelty of the proposed methodological approach is the scientifically based
calculation of the controllability index of the communication system, which provides for determining the
proportion of functions of the control center implementing destructive control actions. The proposed
method allows us to obtain dependences of the duration of the control cycle of the communication system
on the number of heterogeneous control centers and their control actions on the network elements.

Key words: controllability, control system, communication system, state aviation, management
bodies, legitimacy of management cents.
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VYIAK 621.396
HoAxXxoAbl K HOCTPOEHUIO CUCTEMBI CBA3U ABUAIIMOHHOI'O ®OPMUPOBAHUA
B COBPEMEHHBIX YCJIOBUAX
b.H. Boakos
ORCID: 0009-0002-3452-5350e-mail: volkovbron@yandex.ru
®.M. MounTeHnerpo
ORCID:0009-0001-2004-9640e-mail: monte_negro@mail.ru
Boennslii yueOHO-HayuHBIH HEHTP BoeHHO-BO3AYIIHBIX cHil «BOCHHO-BO3/IyIIIHASL aKaAeMUs
uM. ipod. H. E. XKyxosckoro u 0. A. I'arapunay (r. Boponex)

[IpoBeneH KpaTKuil aHaiM3 CYIIECTBYIOUIETO COCTOSIHUS CHCTEMbl CBSI3M aBHUALMOHHOIO
dopmupoBanus (AD), Ha OCHOBE KOTOPOTO OMPE/CIICHBI HAMPABJICHHS €€ MOCTPOCHHS C YI€TOM OIBITA
MIPUMEHEHUSI OTEUECTBEHHBIX IEPCIEKTUBHBIX CPEACTB CBA3U. [l BBIpaOOTKM €IMHBIX IMOIXOAOB K
MMOCTPOCHUIO CUCTEMBI CBsI3u AD HE0OXOAUMO OCYIIECTBUTh 3aMEHY aHAJIOTOBBIX alIapaTHBIX MOJEBBIX
y3JI0B CBsI3M Ha LU(POBBIE C MEPCHEKTHUBOM UX JajbHEHIIEero MPUMEHEHUS B TOJEBBIX YCIIOBUSX,
MIOCTPOCHHBIX Ha 0a3e KOMIUIEKCOB TEXHMUYECKHX cpeacTB. Llenb — co3maHue 1moJieBOi CHCTEMBI CBSI3U
A®, obnagarorieil CBONCTBAMU IUHAMUYECKOM CaMOOPTaHU3AIMH C TAPAaHTHUPOBAHHOM KPUIITO3AIIUTON U
pPa3BeA3ANIUIICHHOCThIO, C  HCIIOJIB30BAHUEM HMHTEIUICKTYaJIbHBIX HAJIOKEHHBIX CETeH  CBS3H,
MHTETpaIyei ycayr mno npeaocTaBiIeHUI0 HH(OOPMALIUK JOKHOCTHBIM JIUIAM MYHKTOB yrpaBieHuss AD
M YCTOMYMBBIX KO BCEM BHJAM BHEIIHEro BO31eHCTBUS.OCHOBHBIM HAIMPABICHUEM aJbHEUIIETO
pa3BUTHS TOJIEBBIX MOJBUKHBIX Y37I0B CBsi3u AD BbIOpaH BapuaHT MOJYJIBHOTO MOCTpoeHHs. B sTom
cllydae y3ell CBSI3M MOKET ObITh IPEACTaBIEH KaK COBOKYIHOCTh OIPE/IEICHHBIM 00pa30M CBS3aHHBIX U
OpPraHU30BAHHBIX MOJAYJEH. DTO B CBOIO OYEPEb JIOJDKHO HE TOJIBKO YIMPOCTUTH AOCTYH JOJKHOCTHBIX
JIUIL K PECypCy CUCTEMBI CBSI3H, HO U YAYUIIUTh Pa3BeA3alIUIIIEHHOCTD, )KUBYYECTh 1 MOOMJILHOCTH Y3JIOB
CBSI3HM U CUCTEMBI CBSI3H B LIEJIOM.

Kniouesvie cnoga:cucrema CBsi3u, aBUAIlMOHHOE (OPMHpPOBAHUE, CETh CBS3M, Y3€J CBS3H,
MIOCTPOCHUE CUCTEMBI CBSI3H, MOAYJIb, TOJIXO/IbI, HATIPABJICHUS.

APPROACHES TO BUILDING A COMMUNICATION SYSTEM
FOR AN AVIATION FORMATION IN MODERN CONDITIONS
B. 1. Volkov, F. M. Montenegro
Zhukovsky and Gagarin Voronezh Air Force Academy

Purpose: provide a brief analysis of the state communication system of an AF, on the basis of
which the directions for its construction are determined, taking into account the experience of using
domestic perspective means of communication.

Design/methodology/approach:to develop unified approaches to the construction of the AF
communication system, it is necessary to replace analog hardware field communication nodes with digital
ones with the prospect of their further use in the field, built on the basis of complexes of technical means.

Findings:the main direction of further development of field mobile communication nodes of the
AF is the option of modular construction. In this case, the communication node can be represented as a
set of connected and organized modules in a certain way.

Researchlimitations/implications: this, in turn, should not only simplify the access of officials to
the resource of the communication system, but also improve the intelligence protection, survivability and
mobility of communication nodes and the communication system as a whole.

Originality/value: the goal is to create an AF field communication system with the properties of
dynamic self-organization with guaranteed cryptographic protection and intelligence protection, using
intelligent overlay communication networks, integrating services for providing information to officials of
the AF control points and resistant to all types of external influences.

Key words:communication system, aviation formation, link, type of connection, building a
communication system, approaches, directions, modules.
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VIIK 621.391
PA3PABOTKA CPEJCTBIPUHSTHSA PEIIEHUIISA BBIBOPA OIITUMAJIBHOM
MHOT'OMEPHO# WHJIEKCHOM MOJIYJISILIAA (IM) B CETSIX5G

T.U. I'opsiueBa, ORCID:0000-0003-4668-4156, e-mail: gor43210@yandex.ru
C.A. 3araymonnn, ORCID: 0000-0002-5934-3134, email: zaglumonin99@gmail.com
A.A. I'paquiienko, ORCID: 0000-0003-2400-9900,e-mail: artem.gradilenko@gmail.com
.. Kapcakos, ORCID: 0009-0006-7761-4563, e-mail: don200720@yandex.ru
B.O. Baacos ORCID:0000-0001-6024-6588,e-mail: Vfromnn1909@gmail.com
Huxeropoackuii rocyaapCTBeHHbIN TexHuYeckuil yauBepcuret uM. P.E. AnekceeBa

Uccnenyercarudkoe UCIIOJIb30BaHUE CYLIECTBYIOIIUX TEXHOJIOTHii UHJIEKCHOU
moaymsimuu(IM) it yoBiieTBOpeHHsI CIIOKHBIX TPEOOBaHUI MPUIIOKEHUI CUCTEM MOOMIIBHOM cBsizu 5G
n6G.IMoGecreunBaeT HOBBIN CIIOCOO Mepeaavr JOTMOJHUTEIBHBIX OUTOB JAHHBIX C TOMOIIBIO WHICKCOB
(IBOMYHBIX HOMEPOB) JIOCTYNHBIX OOBEKTOB IEpeJauyd JaHHBIX B CHCTEME CBS3M II0 CPAaBHEHHUIO C
KJIACCUYECKHMH CXEMaMH CBSI3H, KOTOPBICOTOOpaXaloT MepeaBacMbleJaHHbIEB CIBUTH YacTOTHI, (a3bl,
AMIUTUTYIBIMOTYTUPOBAHHBIX ~ CUTHANOB.J[OCTYMHBIMH ~ OO0BEKTaMH  JUISIOTOOpPaKEHUS  JAHHBIXC
nomouipiolM Moryt ObITHIBOMYHBIE HOMEpa MCIONb3yeMbIX AHTEHH, PaJMOYaCTOTHBIX 3epKall, BUIOB
CO3BE3AUM MOIYJSILUY, BPEMEHHBIX CHMBOJIOBH PAaCLIMPSIOIMX KOJAOBOJHOM IIOJHECYLICH,O3ULUI
BHYTPHU MAaTpPHUIl «BPEMS-UACTOTay», «IIPOCTPAHCTBO-BPEMANH UX COUETAHUNB JOMEHAX BPEMEHH, YaCTOTHI,
MPOCTPAHCTBA, KOAOB, CO3BE3AMI MOAYIAuuu.MHIeKCHAs MOIyIsUs HE TpeOyeT 3aTpar SHEPrHH N
CIEKTpa, HO HCIOJb3YyeT pabOoTalollyl0 CHCTEMY CBS3M, SBJSSACH HaAcTpoiikoi Hax Heit.lloatromylM
MOBBIIIACTCIIEKTPAIILHYION SHEPT0—3((HEeKTUBHOCTh,XaPAKTEPUCTUKN CETH CBS3M 32 CUYET IMOBBIIICHUS
BBIUHUCIUTENLHON CIOXHOCTH anropuTMoB ¢opmupoBaHus ©u 00paboTku curHanoB.IIpenigoxeHs
JITOPUTMBIBBIOOpATYYINIEH KOMIIO3UIIMM TapaMETPOB TPATUIHMOHHBIX PEKHMOB CBS3HC YYETOM
SHEPreTHKHU KaHala UMHACKCHOW Moaynsauuu IM u cpeicTBa ux peanuszaiii.

Knrouesvie cnosa: Nunexcuas monymsnus (IM), ciekrpanbaas u SHEpro-3hPpeKTHBHOCTD, BEIOOD
onTuManbHOMMHOroMepHoi |M

DEVELOPMENT OF DECISION-MAKING TOOLS FOR THE SELECTION OF OPTIMUM
MULTIDIMENSIONAL INDEX MODULATION (IM) IN 5G NETWORKS
T.1. Goryacheva, S.A. Zaglumonin, A.A. Gradilenko, D.D. Karsakov, V.O. Vlasov
Nizhny Novgorod State Technical University.R.E. Alekseeva

Purpose:The flexible use of existing index modulation (IM) technologies to meet the complex
application requirements of 5G and 6G mobile communication systems is being explored.

Design/methodology/approach:IM provides a new way to transfer additional data bits using
indexes (binary numbers) of available data transfer objects in a communication system compared to
classical communication schemes that map transmitted bit sequences into modulated signal parameters
(frequency, phase, amplitude shifts). Available objects for displaying data using IM can be binary
numbers of the antennas used, types of modulation constellations, symbols and / or spreading codes of
one subcarrier, RF mirrors, positions within the matrix "time-frequency”, "space-time" and their
combinations in domains time, frequency, space, types of codes, modulation constellations.

Conclusions:Index modulation does not require energy or spectrum, but uses a working
communication system, being a superstructure on top of it. Therefore, IM improves spectral and energy
efficiency communication network by increasing complexity of algorithms.

Originality/value:Proposedalgorithms for choosing the best composition of the parameters, can
be used flexibly for other virtual networks.

Keywords: Index modulation (IM), spectral and energy efficiency, choice of optimal
multidimensional IM
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OCOBEHHOCTH PABPABOTKH MUKPOCEPBUCHOM APXUTEKTYPHI
NMHHOBAIIMOHHBIX TH®OPMAIIMOHHBIX CUCTEM
10.C. Eropos
ORCID: 0000-0002-6628-4574 email: ckar@list.ru
C.H. PringoB
ORCID: 0000-0002-8541-3757 email: s.rindow@yandex.ru
J.A. Baitnoaym
ORCID: 0000-0002-3012-8668 email: mr.vaynbaum@mail.ru
Huxeropoackuii rocyiapcTBeHHbIN TexHU4YecKuil yHuBepcurer uMm. P.E. Anekceesa

WNunosanmonasie UT-poeKkTsl COMPOBOXKAAIOTCS MH(POPMAMOHHBIMUA TEXHOJOTHSIMH, KOTOPHIE
BOIUIOMIAIOTCS 4Yepe3 pa3paboTaHHBIH HMHHOBAIMOHHBIA TPOTPAMMHBIA  MPOAYKT.MHKpOCEpBUCHAS
APXUTCKTYpa YallC BCCro IMPUMCHACTCA B KPYIIHBIX WHHOBAIIMOHHBIX HT-HpOGKTaX I JOCTUKCHU S
BBICOKOM T'MOKOCTH M JITKOCTH MAacCIITaOMpPOBaHUS WH(POPMAIMOHHBIX cucTeM. OJHaKo, MPUMEHEHUE
MHUKPOCEpPBHCOB, KaK MPABUJIO, BJICUYET 32 COOOH yBelnYeHHnE BPeMEHU 00pabOTKH 3alpOCOB, CI0KHOCTh
B pa3BEpThIBAHUU U B3aMMOJICHCTBUUKOMIIOHEHTOB MEXIy co0oil. Kpome Toro, ommOku B mporecce
Pa3pabOTKUMUKPOCEPBUCHOW  apXHUTEKTYpPbl W OPraHW3alUUMHKPOCEPBHCOBMOTYTIIPUBECTH K
BO3HMKHOBEHUIO KPUTHYECKUX CUTYAIIHid, CIOCOOHBIX MOBIICYb 32 COOO0I OOJIbIe PHUHAHCOBBIC 3aTPaThI
BJIaACIBICB IMMPOAYKTA U 3HAYUTCIIBHBIC BPCMCHHBIC 3aTPaThl pa3pa6OT‘II/IKOB Ha IMOUCK W HUCIPABICHHUC
omnOoK.B crarbe onucaHbl HanOoee BaKHBIC ACIEKThI MPOCKTHPOBAHUS M TEXHHUYECKOW pealin3aluu
MHUKPOCEPBHCHOM apXUTEKTYphl MHHOBAIIMOHHBIX WH(OPMALIMOHHBIX CHCTEM.

KarueBble cioBa: MHHOBaNuWs, pa3paboTKa MPOrPaMMHOIO oOecredeHHs, WHPOPMAIUOHHAS
CUCTEMa, MUKPOCEPBUC, CEPBUC-OPUCHTHPOBAHHAS ApXUTCKTYpAa.

FEATURES OF DEVELOPING MICROSERVICE ARCHITECTURE FOR INNOVATIVE
INFORMATION SYSTEMS
Y.S. Yegorov, S.N. Ryndow, D.A. Vaynbaum
Nizhny Novgorod state technical university n. a. R.E. Alekseev

Purpose: The article is devoted to the development of innovative information systems
microservice architecture.

Design/methodology/approach:The article discusses approaches to the development of
innovative information systems, as well as methods for the technical implementation of microservice
architecture, deployment technologies based on containers and virtual machines.

Findings:The considered aspects of the design and technical implementation of innovative
information systems will help to avoid critical situations that may be caused by errors in the process of
developing a microservice architecture and organizing microservices.

Research limitations/implications: This article is a starting point for further research on the
creation of innovative information systems based on microservice architecture, which ensures high
flexibility and application scaling.

Originality/value: Innovative information systems design and technical implementation features
will help avoiding financial costs for product owners and time costs for developers to find and correct
errors in the development of microservice architecture.

Keywords:innovation, software development, information system, microservice, service-oriented
architecture.
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YK 621.3.013.62
HCCJIEJOBAHUE ®OPMUPOBAHHNS CBOBOJHOI'O ITPOIIECCA B PE3OHAHCHOM
HEMMHON JINHUU
C.C.3eabmanoB, ORCIDO0000-0002-6634-942X e-mail: zelmanss@yandex.ru
Hwxeropoackuii rocyaapcTBeHHbIN TexHuYeckuil yauepcuteT uM P.E. AnekceeBa

Lesasb padorbi: OHA COCTOHUT B JJOKA3aTEIbCTBE BOZMOKHOCTH pe3oHaHca B nenHoi RC-muHuuM ¢ ogHuM
TUIIOM SHEPro€MKOro napamerpa

Metonoaorus: Vccienyercss popMupoBaHHE3aTyXalOLIET0 TAPMOHUYECKOT0 CBOOOIHOTO Tpoliecca Ha
BbIxoJie LenHoM RC-imHMM Ha OCHOBE CYMMHUPOBaHMsS COOCTBEHHBIX SKCIIOHEHIHAIbHBIX IPOLIECCOB
CHCTEMBI.

PesyabTar: IlokazaHa BO3MOXKHOCTh CYILCTBOBAHHS pE30HaHCA B CHCTEME C JACHCTBUTEIbHBIMHU
KOPHSIMU XapaKTePUCTUUYEKOTO YPAaBHEHHUSI.

HoBu3na: Pacimpen kiiacc pe30HaHCHBIX JJMHEHHBIX CTAlIMOHAPHBIX CUCTEM.

W3BecTHO, YTO CHCTEMBI C YACTOTHBIM PE30HAHCOM OOJIAZIal0T IBYMsI BUAAMU SHEPrOEMKHUX ITapaMeTpoB,
(MHOYKTUBHBIM M EMKOCTHBIM) U CBOOOJHBIM HPOLECCOM B BHJE 3aTyXaroLIEro I'apMOHUYECKOTO
kosebanus. KopHu XapakTeprucTUYeCKOro ypaBHEHUsI TAKUX CUCTEM KOMIUIEKCHO coTpsbKEHHBIE B TO ke
BpeMs CYyLIECTBYIOT pe3oHaHCHble RC-cucteMbl C OJHUM 3HEPro€MKUM HapaMeTpoM u
SKCHOHEHIMAJIBHBIMI COOCTBEHHBIMU TIpOLeCCaMH, V3BECTHO, YTO KOPHH XapaKTEPHCTUYECKOTO
YPaBHEHUS CUCTEM C HKCIOHEHIMAJIbHBIMH COOCTBEHHBIMHU MPOLIECCAMM SBISIOTCS JAEHCTBUTENILHBIMU
BeIMYMHAMU. TeM He MeHee, Pe30HAaHC B TaKUX CHCTEMax MMeeT MecTo. JlokasaTreiabHO MPOU3BOAUTCS
yCcTpaHeHHeoTMeueHHOro nporusopeuns. [lokazano, uro B nenHoil RC-inHuM ¢ 3KCIIOHEHIMATBHBIMU
COOCTBEHHBIMH TIPOIIECCAMH BO3MOXKEH PE30HAHC B CHIIY 0COOOTO IMOBENEHHS CyMMBI COOCTBEHHBIX
nporeccoB. Takum o0pa3oM, pacumMpsieTcss Ki1acC JMHEHHBIX pPE30HAHCHBIX CHCTEM, KOpPHHU
XapaKTEePUCTHYECKNX YPABHEHUH KOTOPBIX MOTYT OBITh KaK KOMIUIEKCHO CONPSDKEHHBIMH, TaK H
OTPULIATENIEHBIMU JIEHCTBUTEIBHBIMU YHCIAMHU.

Knrwouesvie cnosa:coOCTBEHHBIN IPOIIECC, CBOOOIHBIH MPOIECC, JHEPTOEMKHIA TapaMeTp, KOMIUIEKCHO
CONPSIKEHHBIN

INVESTIGATION OF THE FORMATION OF A FREE PROCESS IN A RESONANT CHAIN
LINE
S.S.Zelmanov
Nizhny Novgorod State Technical University n.a. R.E. Alexeev
The purpose of the work: It consists in proving the possibility of resonance in a catenary RC line with
one type of energy-intensive parameter
Methodology: We study the formation of a damped harmonic free process at the output of a catenary RC-
line based on the summation of the system's own exponential processes.
Result: The possibility of existence of resonance in a system with real roots of the characteristic equation
is shown.
Novelty: The class of resonant linear stationary systems has been extended
It is known that systems with frequency resonance have two types of energy-intensive parameters,
(inductive and capacitive) and a free process in the form of a damped harmonic oscillation. The roots of
the characteristic equation of such systems are complexly conjugate. At the same time, there are resonant
RC systems with one energy-intensive parameter and exponential eigenprocesses, it is known that the
roots of the characteristic equation of systems with exponential eigenprocesses are real quantities.
Nevertheless, there is a resonance in such systems. Evidently, the noted contradiction is eliminated. It is
shown that in a chain RC-line with exponentialwith exponential eigenprocesses, resonance is possible due
to the special behavior of the sum of eigenprocesses. Thus, the class of linear resonant systems is
extended, the roots of the characteristic equations of which can be both complex conjugate and negative
real numbers
Key words: intrinsic tac process, free process, energy-intensive parameter, complex conjugate.
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YK 623.74
PA3PABOTKA ITIPOI'PAMMHBIX MOAYJIEN NOJJAEPKKHA IPUHATHA PEINEHAA
HAYAJBHUKA CJYXKBbI PAIUOSJEKTPOHHON BOPbBLI ABUAIITMOHHOI'O
COEJJMHEHMUA
N.10. Kypssinos
ORCID: 0000-0002-7333-1818e-mail: igkul@yandex.ru

BoenHblIi yueOHO-HayUHBIN [IEHTP BOCHHO-BO3AYIIHBIX CUI«BOEHHO-BO3/IyIIIHAS aKaAeMuUs

nmenn npodeccopa H.E.XKykosckoro u FO.A.TI'arapuna (r. Boponex)

B pabGore paccMoTpeHO coO37aHME MPHUHLIUIHAIBLHO HOBBIX IMPOTPAMMHBIX  MOMYJIEH,
HEOOXOAMMBIX JJs1 TOBBILIEHHUS ONEPAaTMBHOCTU NOJAEP)KKH IPHHATUS PEUICHUs JIOJKHOCTHBIMHU
JUIIAMU  CITYKOBI PaZMO3JIEKTPOHHOM OOpHOBI ABHAIIMOHHOTO COCIMHEHHS B CIYy)KeOHON M OoeBoi
nesrenbHOCTU. Vicnonb30BaHue pa3pabOTaHHBIX MPOrPaMMHBIX MOAYJIEH MO3BOJMT:OLEHUTh AAJIBHOCTD
oOHapyXeHHsT ~ OOEBBIX  TOPSJKOB  CAaMOJETOB  PAaAUOJIOKALMOHHBIMUA  CTAaHIMSAMU  CHCTEMBI
IIPOTHBOBO3YIIHOM 000POHBI MPOTUBHUKA;PACCUUTATh PyOSKH BBOJA B OOH MCTpeOUTENbHON aBHALUU
MPOTHBHUKA;TOBBICUTH OINEPATUBHOCTh PaOOTHI OpraHa yIpaBJICHUS PaJAUOdJICKTPOHHOH OOpHOBI IO
IIPUHATHUIO PEIIEHUS HA BBIOJIHEHHE OOEBBIX 3a7a4 00EBBIM MOPAJKOM, a TAKKE YPOBEHb IOCTOBEPHOCTH
NpUHATHIX penieHui. [lonydyeHHble pOrpaMMHBIE MOAYJIM MOTYT IOCIYKMTh OCHOBOW JUIsl CO3/1aHHUS
LIEJIOCTHOM HMH(pOPMALIMOHHO-PACUETHONM CHUCTEMOW HadajbHHUKA CIYXObl pPajMO3JEKTPOHHOH OOpBHObI
4acTy (COEUHEHMUS).

Knwouesvie cnoga:painodnekTpoHHas 0opb0a, JadbHOCTh OOHApYyXeHHs, OIEepaTUBHO-
TaKTUYECKasl aBUaLlus.

DEVELOPMENT SOFTWARE MODULES SUPPORT THE DECISION-MAKING THE HEAD
THE ELECTRONIC WARFARE SERVICE OF THE AIR MILITARY CONNECTION
I.Yu. Kurjanov
Zhukovsky and Gagarin Voronezh Air Force Academy

Purpose: development software modules in order to increase the efficiency operational-tactical
calculations carried out by the electronic warfare service aviation formations (units) at the stage of
preparation and conduct of hostilities.

Design / methodology / approach: An analysis the process detecting air targets using radar methods
shows that the capabilities radio electronic stations for detecting air targets in a noise-free environment
are determined by the potential capabilities of the radar, the flight parameters of the battle formation, as
well as the presence and position of local objects relative to the radar for detecting air targets. As the main
initial data, it is advisable to single out the main performance characteristics of the enemy radar;
parameters of the flight of combat formations andcharacteristics of the terrain.

Findings: The use of the obtained software modules will increase the efficiency of operational-tactical
calculations carried out by the electronic warfare service of aviation formations (units) at the stage of
preparation and conduct of hostilities. The results obtained can serve as the basis for the creation of an
integrated information and settlement system for the head the electronic warfare service of the military
connection.

Research limitations/implications: EXxisting special mathematical software tools do not fully meet
modern requirements for decision support for combat use. The constantly expanding range of assessment
tasks entails the creation of a new information and calculation complex on a cross-platform basis,
containing adaptive relational databases.
Originality/value: At present, various methods and algorithms for evaluating certain areas of activity in
evaluating the electronic warfare exist and are used in the practical activities of the control bodies of the
electronic warfare service of aviation formations (units). However, they either do not fully take into
account a number of factors, or are disparate tasks, which does not allow taking into account the
relationship between the results obtained and, as a result, determining a rational option for conducting
electronic warfare that ensures the maximum reduction in combat losses when performing a combat
mission.
Key words:electronic warfare, detection range, tactical aviation
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YK 621.396
AHAJIN3 MEXAHU3MOB
MOBBIIEHNUA KAYECTBA OBCJIYKUBAHUS 1151 CETEH 5G
M. A. Mopo3os
ORCID: 0009-0009-5732-3867e-mail: mat.morozov2012@yandex.ru
Huxeropoackuii 'ocynapcrBennsiii Texunueckuit YHuBepeuteT um. P. E. Anekceesa

Henp padorbl. PaccMOTpeTh anropuTMbl YOPABIEHUS OYEPEIbI0O U MPOAHAIU3UPOBATH UX
MPUMEHUMOCTH B ceTsax S5G.

MeTtopoJiorusi: YpasieHHe ouepe MU MTO3BOJISIET YMEHBIIUTh CETEBYIO Oy(epHu3aiuio, 4To COKpaIiaeT
BpeMs Iepeaun MaKeToB U pazdpoc 3aJiep:KeK U, KaK CJe/ICTBUE, YKOHOMUT MOJIOCY MPOITyCKaHUs AJis
MOTOKOB Tpa(duKa, UCTIONB3YIOMINX OAUH U TOT ke Oydep.

HoBu3Ha u mocjeacTBusi uccjegoBaHusa:B »Toll craThbe 0O0CYXAAIOTCS Pa3WYHbIC AITOPUTMBI
OpraHM3alMM ouepened s YMEHbBIICHHS 3aJepKKU B Y3KUX MeCTax Iepefauyd JIaHHBIX,
paccMaTpuBalOTCA UX MPEUMYIIECTBA M HEIOCTATKH, OLIEHUBAETCS UX MPHUMEHHUMOCTb B MOOUIIBHBIX
CeTsAX CIEeNYIoIero nmokoneHus SGu npemaraercs UX ajanTanus, 9TO paHee He U3yJalloCh.

ILlenHocTh pemieHus M pe3yJabTaThl:L[eHHOCT UCCIIeIOBaHMS 3aKIIIOYAETCSI B TOM, YTOOBI PACCMOTPETH
MEXaHM3MBbl YIPABJIEHUS OUYEpelbl0 M IOKa3aThb MX IpeuMyllecTBa NHpu uHTerpauuu B cetu SG.
Hcnonp30BaHue CyIIECTBYIOIIMX aJTOPUTMOB YIIPABICHUS OYEPEIsIMHU ISl YMEHBIIEHUS 3a/IePKKH B
Y3KHX MECTax JIaHHBIX B ceTsaX 5SG paHee He U3ydanoch. Takum 0O6pa3oM, UCIIOIb30BaHUE STHX METO/IOB B
cetsix 5G OMDKHO YMEHBIIUTH 3aHATOCTh OYEpPEIH, COXpaHss HPU STOM MPOMYCKHYIO CIIOCOOHOCTH
MMOTOKA JaHHBIX OJM3KOW K JOCTHKUMOMY MAKCUMyMYy, MJis YAOBJIETBOPHUS 3aJaHHBIM KPUTEPHUIM
kadeBcTBa obcmyxkuBanus (Q0S).

Kntouesvle cnoea: cetv pammonocryma, S5G, cereBas Oydepuzanusi, KadecTBO OOCTYXKHUBaHUS,
yIpaBieHUE 0YePEbI0, IPOIMYCKHAs CIIOCOOHOCTD, 3aJIEPIKKA.

IDENTIFYING AND RESEARCHING MECHANISMS
TO IMPROVE QUALITY OF SERVICE FOR 5G NETWORKS
M. A. Morozov
Nizhny Novgorod State Technical University n.a. R.E. Alekseev

Purpose:To consider queue management algorithms and analyze their applicability in 5G networks.
Design/methodology/approach:Queue management allows to reduce network buffering, which reduces
packet transit time and delay spread, and as a result, saves bandwidth for traffic flows that use the same
buffer.

Findings:This article discusses various queuing algorithms to reduce latency at data bottlenecks,
discusses their advantages and disadvantages, evaluates their applicability in next-generation 5G mobile
networks, and proposes their adaptation, which has not been previously studied.

Research limitations/implications:Research is limited by the fact that many TCP congestion control
algorithms rely on lost packets to adjust the transmission rate. Nevertheless, the implementation of the
CoDel Queue Management algorithm is considered for the solution.

Originality/value:The value of the study is to consider the mechanisms of queue management and show
their advantages when integrating into 5G networks. The use of existing queuing algorithms to reduce
latency at data bottlenecks in 5G networks has not been previously studied. Thus, the use of these
methods in 5G networks should reduce queue occupancy while keeping the data throughput close to the
achievable maximum, in order to satisfy the specified quality of service (QoS) criteria.

Keywords:radio access network, 5G, network buffering, quality of service, queue management,
throughput, latency.
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VYIAK 004.932.75'1
METO/Ibl U BUBJIMOTEKH PACIIO3HABAHUS HMEHOBAHHBIX CYIIIHOCTEM B
TEKCTE (NER), OCHOBAHHBIE HA MAIIIMHHOM OBYUYEHWM, 1151 IEJIENA
OIPEJAEJIEHUS TEOT PAOMYECKHNX JIOKAIIAI
N.0. Xpucrodoposn
ORCID: 0009-0005-0415-436Xe-mail: hristoforov.ilya@gmail.com
10.C. Eropos
ORCID: 0000-0002-6628-4574e-mail: ckar@list.ru
H.E. IlocoOunoB
ORCID: 0000-0001-8850-4219 e-mail: posned4@mail.ru
Huxeroponckuii rocynapcTBeHHbIN TexHUUeckuil yHuBepcureT um. P.E. Anekceesa

3ajmaya  pacrmo3HaBaHUMA ~ MMEHOBaHHBIX  cymHocter B Tekcre (NER -
NamedEntityRecognition) B pamkax o6pabotku ecrecrBeHHoro s3bika (NLP - -
NaturalLanguageProcessing) — mporiecc, KOTOpbIii BOCTpeOOBaH BO MHOTHUX cdepax,
CBSI3aHHBIX ¢ 00pa0oTKOI OoNbLINX 00BEMOB TEKCTa U UH(pOpMaluu. B 4acTHOCTH, JUIs pa3HbIX
IeNei CyIIeCTBYET HEOOXOIMMOCTh B PACIO3HABAHWU YIOMHUHAEMBIX TIeorpapuuecKux
nokauuii. JlaHHBIHN mpoliecc o0yerdyaer onepaTuBHBIN aHAIU3 U MOHUMAaHUE B KAKOM MECTe Ha
KapTe MPOM3O0ILIO0 COOBITHE WJIM KaKOM TEKCT HWMEET OTHOIICHHE K ONpeaeTIeHHOU
reorpaduyeckor Jokanuu. Pacro3HaBaHME WMEHOBAHHBIX CYIIHOCTEH SBISETCS ONHON U3
KJIACCMYECKUX 3aJa4 OO0pabOTKM ECTCCTBCHHOTO s3bIKa HapaBHE C KJacCH(UKAIUCH,
MalIMHHBIM NIEPEBOJIOM U APYTUMH. B noknane paccMarpuBarOTCs METOAbI U MAKEThl, KOTOPBIE
WCIIONB3YIOTCS IS PEHICHHS 3aJlaud pPacrlo3HaBaHHs TeorpadUuecKUX JIOKAIMd B TEKCTE,
dbopmynupyercs BbIBOA O Hauboliee ONTHUMAIBLHOM TaKeTe B KOHTEKCTE padOThI C PYCCKUM
SI3BIKOM.

Knrouesvle cnoea:pacniosHaBanne uMeHOBaHHBbIX cymHocTeidl, NER, NLP, o6pa6oTka
ectectBeHHOTrO s13blka, BERT, RUBERT, GPT, Tpancdopmepst

MACHINE LEARNING BASED METHODS AND LIBRARIES FOR NAMED ENTITIES
RECOGNITION IN TEXT (NER) FOR THE PURPOSE OF DETERMINING GEOGRAPHICAL
LOCATIONS

1.O. Khristoforov, Y.S. Yegorov, N.E. Posobilov

Nizhny Novgorod state technical university n. a. R.E. Alekseev
Purpose: This article is aimed to choose the most appropriate and effective method and
package for identifying named entities in text for recognizing geographic locations in the
context of the Russian language.
Design/methodology/approach: Theoretical and imperative approaches are used during the
research. Literary sources and their implementations are considered.
Findings: The best package and underlying method for identifying named entities in text for
recognizing geographic locations in the context of the Russian language is proposed.
Architectures based on this package can be used for web-applications like ones which places
the information on the map.
Research limitations/implications: The present article provides a starting-point for further
research in the NER system developing for recognizing geographic locations in the context of
the Russian language.
Originality/value: The process considered within the framework of the article is in demand in
many areas related to the processing of large volumes of text and information. This process
makes it easier to quickly analyze and understand where on the map an event occurred or what
text is relevant to a particular geographical location. Based on the proposed package and NER-
methods, the development of appropriate applications can be built.

Keywords: named entity recognition, NER, NLP, natural language processing, BERT, RUBERT,
GPT, transformers
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CPABHUTEJILHBIA AHAJIN3 COBPEMEHHBIX
NHO®OPMALIMNOHHO-IIOUNCKOBBIX CUCTEM
B.M. Yucrobdaes
ORCID: 0000-0002-4249-0349 e-mail: chistobaevS8@mail.ru
H.E. IlocoOuioB
ORCID: 0000-0001-8850-4219 e-mail: posne44@mail.ru
Huxeropoackuil rocyaapCTBeHHbIN TeXHUYECKUil yHUBepcuTeT uM. P.E. AnekceeBa

B paGore mpemnoxensl xapakTepuctuku (ocrymHocts, CkopocTs mnoucka, IlosiHora,
Tounocth, AKTyalbHOCTh, HarisgHOCTh) ¥ mapamMerpbl  MH()OPMAIMOHHO-TIOMCKOBBIX
cucrem(Edge,Opera,Google,Yahoo, Rambler, Yandex) ais uiccienoBanus 1 CpaBHEHUS.

Llenb uccaeI0BaHust —OMPEICTUTh CYIHOCTh M 3HAYUMOCTb MH()OPMAIHOHHO-TIOMCKOBBIX
CHCTEM B COBPEMEHHOM OOILIECTBE M BHIABUTH HAMOOJIEE COBEPIICHHYID C TOYKH 3pPCHHUS
uHTepdeiica U anropuT™Ma MOMcKa HHPOPMAIIMOHHO-ITOMCKOBYIO CHCTEMY JIJISI [TOJIB30BATEIIS.

B cooTBeTCTBUM ¢ IOCTaBJIEHHON 3amadeil ObUIM IOJYYEHBI CIENYIOIIME PEe3yIbTaThl:
PacCMOTPEHBI TEOPETHYECKHE OCHOBBI aBTOMATH3MPOBAHHOTO HH(POPMAIIMOHHOTO IOMCKa,
OIUCaHbl KIACCU(PUKALUK ¥ PA3HOBUIHOCTH COBPEMEHHBIX MH(POPMAIMOHHO-IIOUCKOBEIX CHCTEM,
NPOBEJCH CPAaBHHUTEIILHBIMAHAIN3 COBPEMEHHBIX IMOMCKOBBIX CHCTEM, BBISBIICHBI MPEHMYIIECTBA U
HEIOCTATKH UH(POPMALIMOHHO-TIOUCKOBBIX CUCTEM.

KaioueBble ciioBa: XapakTepUCTHKH, TIOMCKOBBIE CUCTEMBI, CpaBHUTEIILHBIN aHAU3.

YK 004.78:025.4.036
COMPARATIVE ANALYSIS OF MODERN SEARCH ENGINES
V.M. Chistobaev, N.E. Posobilov
Nizhniy Novgorod state technical university n.a. R.E. Alekseeva

Purpose:The paper offers characteristics (Accessibility, Search Speed, Completeness,
Accuracy, Relevance, Visibility) and parameters of search engines (Edge, Opera, Google, Yahoo,
Rambler, Yandex) for research and comparison.

The purpose of the study is to determine the essence and significance of information
search engines in modern society and to identify the most perfect system for the user in terms of
interface and search algorithm.

Findings:In accordance with the task, the following results were obtained: the theoretical
foundations of automated information retrieval were considered, classifications and varieties of
modern search engines were described, comparative analyses of modern search engines were
carried out, advantages and disadvantages of search engines were identified.

Keywords: Characteristics, search engines, Comparative analysis.
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ONITUMM3AIIUS ITIOKA3ATEJENA IOMEXOYCTOHMUYNBOCTH
CETU ABUAIIMOHHOWM PATMOCBS3H
A.B. Ps0oB
ORCID: 0000-0003-4578-0840 e-mail: ryalvy@mail.ru

BoeHnHbIl yueOHO-HAY4YHBIN IIEHTP BOGHHO-BO3MYIIHBIX CHIT «BOEHHO-BO3TyIIIHAS aKaAeMUs

um. mpo¢. H. E. XKykosckoro u FO. A. I'arapunay (r. Boponex)

B pabore mnpennoxkeHbl CHOCOObI MOBBIIICHUS MMOMEXOYCTOWMYMBOCTH CETH AaBHAIIMOHHOM
paZMoCBsA3M Ha OCHOBE ONTHMM3ALMM €€ IO0Ka3areneil. AHanMu3 IoKazarelned MOMEXOYCTOWYMBOCTH
paZvoOCeTH TMO3BOJIMI HMX pPAa3JeiUTh Ha DHEPreTUYECKHE, BpPEMEHHbIE U IMPU3HAKOBbIE. PaccMOTpeHsI
BO3MOKHOCTH MO ONTHUMM3ALMU SHEPTETUUECKUX U BPEMEHHBIX IOKa3aTesied Ha OCHOBE aJlallTUBHOTO
yIOpaBieHUs! CTPYKTYPHBIM U MapamMeTpudeckuMm pecypcoM. CTpyKTypHas ajanrtanusi npeiaraercs Ha
OCHOBE PETPAHCISIIMA CHUTHAJIOB IO COCTaBHBIM WJIM MapauielbHbIM paauoiaunusM. [IpousBenena
orieHka 3((EKTUBHOCTH pa3pabOTaHHBIX CIHOCOOOB MOBBIIICHHUS MMOMEXOYCTOMYMBOCTH U CJICTAHbI
PEKOMEHJIALUU 10 UX MPAKTHYECKOMY TPUMEHEHHUIO B CETSIX aBUAIMOHHOW PAJHOCBSI3HU.

Knrouesvie cnosa: nokazateny MoMex0yCTOMUMBOCTH, MapajliesibHas PeTPaHCIsIus, cuH(a3zHoe
CJIOKEHHE MOIIHOCTH CUTHAJIOB, IONEPEMEHHOE U3JIy4YeHHE.

OPTIMIZATION OF INTERFERENCE IMMUNITY INDICATORS
OF AERONAUTICAL RADIO COMMUNICATION NETWORK
A. V. Ryabov
Zhukovsky and Gagarin Voronezh Air Force Academy, VVoronezh

Purpose: The author proposes ways to increase the noise immunity of an aviation radio communication
network based on the optimization of the energy and time indicators of its elements within the framework
of adaptive control of the network’s structural and parametric resource.
Design / methodology / approach: Analysis of indicators of noise immunity of a radio communication
network allowed the author to divide them into energy, temporal and indicative. Opportunities for
optimizing energy and time indicators based on adaptive control of the structural and parametric resource
are considered. Structural adaptation is proposed on the basis of signal retransmission over composite or
parallel radio links. The effectiveness of the developed methods for improving noise immunity is
evaluated and recommendations are made for their practical application in aviation radio communication
networks.
Findings: The paper proposes ways to improve the noise immunity of the aviation radio communication
network based on the optimization of energy and time indicators. Based on the evaluation of the
effectiveness of the developed methods, recommendations are made for their practical application in
aviation radio communication networks.
Research limitations/implications: The study is limited to an aeronautical radio communication network
with elements deployed on unmanned aerial vehicles. The results obtained can be used in the construction
of automated radio communication networks with adaptive control of the structural and parametric
resource.
Originality/value: The developed methods for optimizing the energy and temporal indicators of noise
immunity in aviation radio communication networks with adaptive control of the structural and
parametric resource make it possible to increase the level of the useful signal at the receiver input during
parallel relaying of signals through two or more repeaters, as well as to minimize the radiation time of
transmitters at one frequency based on alternate relaying. IIpakTuueckas peamu3zarus MpeIOKEHHBIX
CHoco00B, MPH UX KOMIUIEKCHOM MPUMEHEHMH C CYHIECTBYIOIIMMHU CIOCOOaMHM MapaMeTpHyuecKoit
aJalTanuu, I103BOJIACT IIOBBICUTH HOMCXO}’CTOIZ‘II/IBOCTL cerent aBHaHHOHHOﬁ paaruoCBA3H.

Key words: noise immunity indicators, parallel retransmission, in-phase addition of signal power,
alternating emission.
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MOBBIIEHUE IOMEXOYCTOMYABOCTH HHOPOPMAIINHN
IIPU ITIEPEJAYE 110 HEHAJIEXHOMY KAHAJY

A.B. Cemamko

ORCID: 0000-0003-4687-9666 e-mail: semashko@nntu.ru
A.Jl. AGakmmH

ORCID: 0000-0002-0251-975Xe-mail: abakshin.t@mail.ru

Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yausepeuteT uM. P.E. AnexceeBa

Baxneiimass npobiema COBpeMEHHO OOIECTBa — 3TO HAJAEXKHAs BBICOKOCKOPOCTHAsl CBSI3b.
[Tonmy4yeHue He UCKa)KEHHOW MOMeXaMHu MH(OpPMALMK CTAJIO €CTECTBEHHOM MOTPEOHOCTBIO U C KaXIbIM
roja, OHas TOJNBKO Bo3pacrtaeT. s 3Toro HeoOXOAMMO TMOBBICUTH 3alUIIEHHOCTh JaHHBIX,
IepelaBaeMbIX 110 KaHajaMm CBsA3H. OIHUM M3 METOZOB IOBBIIICHUS JTOCTOBEPHOCTH NEPEAAYN JaHHBIX
ABIISIIOTCSL TIOMEXOYCTOHYMBBIE KOABI. B paboTe paccMaTpuBaeTcss METOJ MSTKOTO JEKOAUPOBAHUS
[IOMEX0ycTOHuMBOro kojaa. B obmiem cinydyae oHO Gojee TpyLOEMKO, YeM JIEKOJUPOBAHHE C JKECTKUM
peILIeHHEM, YTO OKYIAeTCs MOBBIIIEHUEM (P ()EKTUBHOCTH CUCTEMBI KOTUPOBAHHS.

Knrwouesvie cnosa: xonupoBaHWe, MUHUMM3ALKSA BEPOSTHOCTU OIIMOKM, KBAaHTOBAHUE, MSTKOE
JEKOIUPOBAHHUE.

INCREASING INFORMATION IMMUNITY
IF TRANSMITTED BY AN UNRELIABLE CHANNEL
A.V. Semashko
ORCID: 0000-0003-4687-9666 e-mail: semashko@nntu.ru
A.D. Abakshin
ORCID: 0000-0002-0251-975Xe-mail: abakshin.t@mail.ru
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The purpose of this article is to improve the reliability of data transmission through the use of
soft decoding methods.
Design/methodology/approach: Algorithms for encoding and decoding codes with soft decision are
given. The experiments were based on comparing the methods of error-correcting coding according to the
efficiency criterion. A method for soft decoding of an error-correcting code is considered. In general, it is
more labor intensive than hard decision decoding, which pays off in increased efficiency of the coding
system. The possibilities of minimizing the probability of a sequence error and minimizing the probability
of a symbol error are studied.
Findings: Improving the efficiency of the coding system. Achieving the same efficiency as a hard
decision code with a soft decision code with a signal-to-noise ratio of 2 to 3 dB less, which means that in
the case of using a soft decision code, the radiated power of the transmitter can be reduced compared to
hard rhenium .
Research limitations/implications: The analysis will be carried out only for error correction codes used
in digital communications.
Originality/value: This study makes it possible to increase the noise immunity of unreliable
communication channels by using soft decision codes, that is, by increasing the complexity of
calculations.

Keywords: coding, error minimization, quantization, soft decoding.
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B.A.Cemenos
ORCID:0000-0001-8861-9577e-mail: vadsem85@amail.com
A.I'. UBaHYTKHMH
ORCID:0000-0001-8396-8508e-mail: mazurova83@mail.ru
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ORCID:0000-0002-7141-7781e-mail: ferztambov@mail.ru
BoeHnHbIl yueOHO-HAY4YHBIN IIEHTP BOGHHO-BO3MYIIHBIX CHIT «BOEHHO-BO3IyIIIHAS aKaAeMUs
um. pod. H. E. XKyxosckoro u 0. A. I'arapunay (r. Boponex)

[lenbto cTaThu SABISETCS 0030p M aHAJIU3 OMACHBIX (PAaKTOPOB, BOSHUKAIOUINX MPU AKCIUTyaTallMH
CpPEeICTB CBsi3W W paguorexHudeckoro obecneuenus (PTO) moseroB, a Takke CrmocoOOB UX
MCKITIOYEHHS,0CHOBAaHHBIX HA MOBBIIICHUH HAJIEKHOCTH cucTeMbl cBsi3u 1 PTO mosneros.

Hns  nobimeHust  3((EKTUBHOCTH  BBINOJIHEHUS  (QYHKIMOHAJIBHBIX  00s3aHHOCTEH
00CITyKMBAIOIINM MepcoHanoM cpeAcTB cBsizu U PTO moneToB B COBpEMEHHBIX YCIOBUAX HEOOXOIUMO
COBEPILIEHCTBOBATh CUCTEMY HMX IMOJATOTOBKM M KOHTPOJS, KOTOpas JIOJDKHA IMPEAIoJiaraTh HIMPOKOE
BHEJpEHUE U 000pYAOBaHUE CIENHUAIU3UPOBAHHBIX Pa0OYUX MECT, MO3BOJISIFOIIMX CIIPOTHO3UPOBATH U
MMUTUPOBATH MTOBCEITHEBHBIE M AKCTPEMAJIbHBIC CUTYAIlMH B 00CCIICYCHHUH TTOJICTOB,  TAK)KE MTPOU3BECTH
OLICHKY JICWCTBUIA omepaTopa.

Eme ogHuM BEKTOPOM MOBBIIIEHUS HAJEKHOCTH cucTeMbl CBs3M U PTO mosjeToB MOMKHO CTaTh
aBTOMATH3AIMSI CUCTEMbI KOHTPOJIS MPOBEACHUS TEXHUUECKOTO OOCITYKMBAHHS W UCIPABHOCTU CPEICTB
cs3u u PTO noneros.

B umenoMm criemyer OTMETHTb, YTO COBEPLICHCTBOBAHHME MPOrPAMMbI MOATOTOBKU U KOHTPOJIS
TOTOBHOCTH OOECIIEYMBAET yBEJIMUEHUE HAACKHOCTU cucTeMbl cBsizu U PTO k obecrneueHuo MmojeToB.
[ToBbIlIEHNE HANEKHOCTU MPHUBOJIUT K CHUXKEHUIO BEPOSITHOCTH BO3HUKHOBEHHS OMACHBIX (PAKTOPOB H,
KaK CJIEJCTBUE, K YMEHBIICHUIO BEPOSITHOCTU BO3SHUKHOBEHMS aBUALMOHHBIX MPOMUCIIECTBUN MO BHUHE
cuctemsl cBsizu 1 PTO noneros.

Kntouesvie cnosa: onacHbie GakTopbl, 0€30MACHOCTH MOJIETOB, HAJIE)KHOCTb.

RELEVANCE OF THE APPLICATION OF AUTOMATED CONTROL
IN THE RADIO ENGINEERING SUPPORT OF FLIGHTS
V.A. Semenov, A.G. Ivanutkin, V.V. Pereverzev
Zhukovsky and Gagarin Voronezh Air Force Academy
Purpose: the purpose of the article is to analyze dangerous factors arising during operation of
communications and radio engineering support for flights, and ways to eliminate them by increasing the
reliability of the communication system and radio engineering support for flights.
Design/methodology/approach: statistics show that shortcomings in the communication system and
radio technical support of flights can lead to the emergence of dangerous factors that can sometimes
become the main causes of aviation accidents.
In order to eliminate their occurrence and, as a result, to reduce the likelihood of accidents, it is necessary
to improve the reliability of the communication system and radio engineering support for flights. The
reliability of the communication system and radio equipment depends on the technical reliability and
error-free performance of their functional duties of the service personnel.
Conclusions: as a result of the improvement the training program for maintenance personnel and
readiness control through the creation and implementation of automated systems, the reliability of the
communication system and radio engineering support for flights will increase. The increase in reliability
will lead to a decrease in the probability of occurrence of dangerous factors and, as a result, to a decrease
in the probability of accidents caused by the communication system and radio technical support of flights.
Limitations of the study/consequences: this article is a starting point for further research in the field of
development of an automated control system for radio engineering.
Originality/value: the use of automated systems can be used to train maintenance personnel and monitor
the serviceability of flight support radio equipment.
Keywords: dangerous factors, flight safety, reliability
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CPABHUTEJBHBIA AHAJIN3 METOJOB MAILIMHHOI'O OBYUEHMS JIJISI 3AJTAY
KIACCUOUKALIUU JAHHBIX
E.B. CunpopoBa
ORCID: 0000-0002-6828-1625 e-mail: sidorova-elena@yandex.ru
H. U. bouabmakos.
ORCID: 0000-0002-9690-2820 e-mail: lobstorson@gmail.com
Hwxeropoackuii rocyaapcTBeHHbIN TeXHUYECKU yHUBepcuTeT uM. P. E. AnekceeBa

B nmoxnane npuBeneH cpaBHUTEIBHBIN aHAN3 PA3IUYHBIX METO/IOB KJIACCU(PHUKAIIMA MAITUHHOTO
00y4eHUsI, a TaK)KE PACCMOTPEHO COBMECTHOE HCIIOJIb30BAHUE METOJIOB KJIACCH(PUKAUK C METOJIAMH
MPEMPOIECCUHTa UCXOHBIX YHCIOBBIX JNAHHBIX. J[JISI KOMIUIEKCHOTO CPaBHEHHUsI BBIOPAHBI CIICAYIOIINE
METOABI KIaCCU(HUKAIMK: JIOTHCTUYECKAas PErpeccHs U HauBHBINA OaliecoBckuii kinaccudpukatop. s
OLICHKU BJIMSIHUSL TIPEMPOIICCCHHTA BXOJHBIX JAHHBIX Ha paboTy KIacCH(UKATOPOB OBLIM NMPHUMEHEHBI
CIENYIOUIMEe METO/Abl: OWHAapu3alus, HCKIOYEHHE CPEIHEro, MaciiTaOupoBaHUE, HOPMATU3AIIus.
HccnenoBanre MpPOBOJMINCH C HUCIOJNB30BaHUE s3bIKa MporpamMmupoBanus Python u OubOmmorexu
MamrHHOTO 00y4deHus scikit-learn.

B Xoze SKCriepuMeHTOB 151 KaXKI0TO0 METO/Ia KJIACCH(HUKAIIMYA B COYSTAHUH C Pa3HBIMU METOIaMH
NPENPOLIECCUHTa MCXOAHBIX JaHHBIX COOMPAINCh 3HAYCHHS CICAYIOUIMX CHENU(UYHBIX IMapaMETPOB:
napameTpa peryisipusanuu, (QyHKIUsS U3MEpEHHs KauecTBa pa3zeiicHHs, oS HauOOJbIIeH JUCIIEPCUU
BCEX IMPHU3HAKOB W CTAHIAPTHBIX KPUTEpUEB paboThl Kiaaccu(UKaTopoB: KadecTBo(accuracy),
nosiuota(recall), Tounocte(precision) wu F-mepa. [Ijis  CpaBHUTEIBHOTO aHAIW3a PE3YJIbTATOB
MPOBEJICHHBIX SKCICPHUMEHTOB B Ka4yeCTBE KPUTEPHUEB CpaBHEHHs BBIOpaHbI cTaHmapTHbie. JlaHHOE
UCCIIEIOBAaHKUE MPOBOAMIIOCH C LIENbI0 BhIOpaTh HanbOosee 3((EKTUBHBIC METObI MPEIPOLECCHHTA JIJIS
paboThl pa3IMYHBIX KIACCU(PHUKATOPOB. Pe3ynbTaThl WCCIENOBaHHS MOTYT OBbITh NPHUMEHEHBI TPU
CO3JIaHMH KJIACCH(DUKATOPOB, YYACTBYIOUIMX B PEIICHUHM NPAKTHUYECKUX 3aJla4, TaKUX KakK: 3ajauu
MEIUIIMHCKOW JIMarHOCTHKH, OLIEHKA KPEIUTOCIIOCOOHOCTH 3aEMILUKOB, MPE/ICKa3aHe MECTOPOKICHUN
MOJIE3HBIX UCKOIAEMBbIX, OOHAPYKCHHUE ClIamMa.

Kniwouesvie cnosa: xnaccupukanus, JOTUCTHYECKAsh pErpeccHs, HAWUBHBIN 0alileCOBCKUt
knaccudukarop, scikit-learn.

COMPARATIVE ANALYSIS OF MACHINE LEARNING METHODS FOR DATA

CLASSIFICATION PROBLEMS
E.V. Sidorova, N. I. Bolshakov
Nizhny Novgorod State Technical University n.a. R.E. Alekseev

Purpose: This article describes a study of the joint use of classification methods with
preprocessing methods, the results of which can be used in any suitable commercial tasks.

Design / methodology / approach: The article considers the choice of clustering algorithms
based on their comparative analysis. For each classification method, the optimal operating parameters
were determined, and the efficiency of the considered methods was compared. A study was made of the
operation of various methods of data preprocessing, as well as their influence on the efficiency of the
classifier. These studies were carried out in order to identify the characteristic features of the most
effective modes of operation of various classifiers, which can be used in solving real commercial
problems. The following algorithms were used for the experiments: Logistic regression, Naive Bayes
classifier.

Findings: The article defines the characteristic features of the most efficient modes of operation
of various classifiers, which can be used in solving real commercial problems.

Research limitations/implications: The study is limited to using classification algorithms from
the Scikit-learn Python module.

Originality/value: The value of the entire article lies in the complexity of the approach to
comparing classification and preprocessing methods, achieved by combining various model parameters,
usage modes and preprocessing methods.

Key words: classification, logistic regression, naive bayes classifier, scikit-learn.
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PASPABOTKA UHTEPAKTUBHOI'O TPEKEPA JIJIsA
OTCIUIEXXKUBAHUSA OBBEKTOB
E.B. CugopoBa
ORCID: 0000-0002-6828-1625 e-mail: sidorova-elena@yandex.ru
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ORCID: 0000-0001-5603-3176 e-mail: merprnet@gmail.com
Hwxeropoackuii rocyaapcTBeHHbIN TeXHUYECKU yHUBepcuTeT uM. P. E. AnekceeBa

B Hacrosimiee Bpemsi KOMIBIOTEPHOE 3pEHUE OJHO M3 CaMbIX MOMYJISPHBIX HAalpaBiICHUA
MaIMHHOTO 00y4eHusi. OHO UCMONB3YETCs MPHU MPOSKTUPOBAHUU CUCTEM JUCTAHIIMOHHOTO YIPABJICHUS,
cucteM OOHapy»XeHHUS M pacro3HaBaHUs 00beKTOB. CTOMT OTMETUTH, YTO Ceiiuac CTaHOBUTCS Bce Ooiiee
Ba)KHA HE TOJILKO TOYHOCTh, HO M CKOPOCTb BBITIOJIHEHUS PACIIO3HABAHMSL.

Jlokiiag conepKUT CpaBHUTENbHBIM aHAINU3 CYIIECTBYIOUIMX METOJOB OTCICKHBAHUS OOBEKTOB U
apXUTEKTYp MOJeNeil pacrmo3HaBaHHs 00beKTOB. [y mMccinenoBaHus BHIOpaHBI apXUTEKTYpPBl MOJeNei
pacro3HaBaHus 00BEKTOB cemeiicTBa YOlO u MeTospl orciexuBanus (TpekuHra) oo0bekToB: Kaname —
Jlykac, caBur cpeaHero 3HadyeHus, ompeneneHue yriioB Xappuca u CrtuBeHnca. [IpoBenenHbiii aHaiu3
BKJIIOYAJ Psiji SKCIIEPUMEHTOB, KOTOPbIE MMPOBOMIMCEH C MTOMOUIBIO SI3bIKa MporpammupoBanusi Python u
Habopa CIIOKHBIX BBICOKOKAa4eCTBEHHBIX BUAecomaHHBIX (maracera) COCO. IlomydeHHBIE pe3ylbTaThl
BU3YaTM3UPOBAINCH C MOMOIIBI0 Oubinoreku matplotlib s3pika mporpammupoBanus Python. B xome
IKCIIEPUMEHTOB JUISl aDXUTEKTYp Mojesel cemencTBa Y0l0 mpUMEHSIIMCh BbILICTICPEYHCIICHHBIC METO/IbI
OTCJIC)KUBAHUS M U3MEPSUIUCh TaKHe TMOKa3aTeNd JUIsl KaXJI0H KOMOMHAIIMU «apXUTEKTypa-MEeTOI» Kak:
TOYHOCTh pPAcIlO3HABaHMSA, BpPEMs OTKIMKA, IMPOU3BOAWTEILHOCTH, oleHka F1-score, koa¢duiuent
noTepu 0OBEKTOB, KOd(pPuIMEeHT mepeceueHus o0bekToB. [lo pe3ynpTaTam SKCIIEPUMEHTOB BBIOpaHa
apXHUTEKTypa MOJEIH pacro3HaBaHus 00beKTOB Yolovb u meron orciexuBanusi Kanane — Jlykaca, kak
KOMOMHaIusi, o0ecrnevnBaroiias HauOOJIbIIYI0 CKOPOCTh BHITIOJHEHHS paclo3HaBaHHs OOBEKTOB Cpeau
paccMOTpeHHBIX. B manpHeleM, TUIaHUpyeTcsl CO3/1aHue MHTEPAKTUBHOTO TpEKepa IS OTCICKUBAHUS
O0OBEKTOB HAa OCHOBE BBIODAHHOW apXUTEKTypa MOJENU pacro3HaBaHUs 00BEKTOB Yolovb u merona
orcnexxuBanus Kanane — Jlykaca.

Knrouesoie cnosa: xommnprorepraoe 3penue, Yolo, KTL, mean shift, COCO.

DEVELOPMENT OF INTERACTIVE TRACKER FOR
TRACKING OBJECTS
E.V. Sidorova, I. A. Korolev
Nizhny Novgorod State Technical University n.a. R.E. Alekseev

Purpose: This article discusses the choice of object recognition architecture that can be used to develop
interactive tracking. A quantitative and qualitative analysis of existing architectures, tracking methods
and impact of parameters on quality of tracking has been carried out.
Design / methodology / approach: The paper considers the choice of object recognition architecture and
tracking method based on their analysis. The determination of the most suitable architecture was carried
out by performing the following studies: selection of optimal configuration parameters, model retraining,
measurement of speed of tracing object. The following were used to conduct the experiments: architecture
YOLO different versions, method Lucas-Kanade, mean shift, Harris corner detector.
Findings: The article defines the most appropriate recognition architectures and tracking methods
applicable to task of develop interactive tracking.
Research limitations/implications: The study is limited to the use of ready architectures for object
recognition. Nevertheless, the results obtained can be further used in various fields of activity.
Originality/value: The value of the whole article lies in the development of interactive tracking for
tracking objects with the maximum speed of performing object recognition.

Key words: computer vision, Yolo, Lucas-Kanade, mean shift, Harris corner detector.

54



YK 004.891.3

PEIIEHUE 3AJIAUA KATETOPU3AIIMU ITOJIb30BATEJENA BEB-CEPBUCA
METOJAMHU MAIINHHOI'O OBYYEHUSA
E.B. CunpopoBa
ORCID: 0000-0002-6828-1625 e-mail: sidorova-elena@yandex.ru
H. 1. Yepublimos
ORCID: 0000-0001-9900-8237 e-mail: chernyllexs@mail.ru
Hwxeropoackuii rocyaapcTBeHHbIN TeXHUYECKU yHUBepcuTeT uM. P. E. AnekceeBa

Hns moboro BeO-cepBUCa B 3py «OOJBLIMX JaHHBIX» OCTPO BCTAeT 3ajada KaTeropusaluu
NOJIb30BAaTENCH C IETbI0 NPUMEHEHHS ONpPEAEICHHONW MapKETHHIOBOW TOJMTHKH ISl KaXIOH U3 HHX.
3T0 HEOOXOAUMO ISl TIOBBIICHHUSI KOHBEPCUHU U IPUOBLTH (PUPMBI.

B nmoknaze onmchIBalOTCS ATANbl MOCTPOSHUSI CKOPUHTOBOI MOJIENH MOJIb30BaTeIel BeO-cepBuca
M pacCMaTPUBAETCS UX KaTeropHu3alus Ha OCHOBE METOJIOB KJIACTEPH3AIMKU MAIIMHHOTO oO0y4eHus. s
UCCIIE/IOBaHMs BBIOPAHBI CJCAYIONIME aJrOPUTMbI KIACTEPU3AlMU MAIIMHHOrO oOyueHums: K-means,
minibatch k-means, mean shift, agglomerative clustering. McciienoBanust mpoBOIMIINCH C UCTIONIB30BaHUE
s3bIKa TporpammupoBanus Python u OubGnamorexkm mammHHOrOo 00y4eHus scikit-learn. IlomyueHnnsie
pe3yIbTaThl SKCIEPUMEHTOB BU3yaTH3UPOBAHBI C TOMOIIBI0 OnOmmoTekn matplotlib.

B nmpomecce wuccnenoBaHMs —adrOPUTMOB  KJIACTEPU3ALMHM  PEIICHBI  CIENYIOUIHe 3a/1ayuu:
MPOTHO3UPOBAHUE ONTHMAJIBHOTO KOJIMYECTBA KIIACTEPOB, CPABHHUTENBHBIM aHAIN3 BIUSHHUA O00BEMA
BBIOODKM ¥ KOJIMYECTBA IPU3HAKOB HAa TOYHOCTh KJIACTEPH3ALMH, H3MEPEHO OBICTPOAEHCTBHE
NPOrpaMMHOI  peaiu3allid  BBHIOPAHHBIX aJrOPUTMOB HAa TECTOBOW BBHIOOpKE JaHHBIX. JlaHHBIC
UCCJIEJOBaHHS TPOBOJMINCH C LENBIO0 BHIOpAaTh HanOoJee ONTHMAIBHBIN AITOPUTM KJIacTepH3ald JUIs
[IOCTPOEHUSI CKOPUHIOBOM MOJIENH MOJIb30BaTeNel BeO-cepBuca.

Kniwoueswie cnosa: xnacrepusanus, k-means, mean shift, agglomerative clustering, skikit-learn.

SOLVING THE PROBLEM OF CATEGORIZATION OF WEB SERVICE USERS
BY MACHINE LEARNING METHODS
E.V. Sidorova, N. I. Chernyshov
Nizhny Novgorod State Technical University n.a. R.E. Alekseev

Purpose: This article discusses the choice of a clustering algorithm that can be used to categorize users of
web systems. Quantitative and qualitative analysis of existing clustering algorithms is performed in order
to determine their advantages and disadvantages.

Design / methodology / approach: The paper considers the choice of clustering algorithms based on
their comparative analysis. The determination of the most suitable algorithm was carried out by
performing the following studies: selection of optimal configuration parameters of the clustering function,
determination of the influence of the sample size and the number of features on the accuracy of
clustering, measurement of the speed of clustering on the same data sample. The following algorithms
were used to conduct the experiments: k-means, minibatch k-means, mean shift, agglomerative clustering.

Findings: The article defines the most appropriate clustering method applicable to the task of
categorizing users.

Research limitations/implications: The study is limited to using clustering algorithms from the Python
Scikit-learn module. Nevertheless, the results obtained can be further used in automatic user
categorization systems, such as loyalty programs.

Originality/value: The value of the whole article lies in determining the most efficient and universal
algorithm in terms of speed and accuracy, which allows it to be used in a variety of systems.

Key words: clustering, k-means, mean shift, agglomerative clustering, python.
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Bounro-Bsitckuit ¢punuan MOCKOBCKOTO TEXHHUECKOTO YHUBEPCUTETA CBS3H U MH(POPMATHKU
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ORCID: 0000-0002-2040-5879 e-mail: dimashakarov@mail.ru

ITAO «<HUTEJI»
Heab paborbi: OrnpeneneHue METOIa OUEHKH TEPPUTOPUAIBHON HAJASKHOCTH TMOJABUIKHOM CBSI3U
(HaIS)KHOCTHU B 30HE €€ JCHCTBUSA) MIPUMEHUTEIBHO K PETUOHAIBLHOM COTOBOM CBSI3H.
Metoaonorusi:. B cucremax (ceTsix) COTOBOM CBSI3U JI0 CHX IOP HCIOJIb3YIOTCS Pa3iNYHbIC MOKOJICHUS
texHosoruii - or 2G ngo 4G. IlosTOMy OlleHKa TEPPUTOPUATBHOM HAJEKHOCTH COTOBOW PAJMOCBSI3U
JOJDKHA TPOU3BOJUTHCA PELICHMEM MHOIOBAPUAHTHOM 3aJaud Uil Pa3jiu4HbIX HCIOJIb3yEeMbIX
TEXHOJIOTHI COTOBOM CBA3U.
HoBu3na um mnocieacTBusi HcciaeaoBaHusi: TeppuropuanbHas HaAEKHOCTh COTOBOM pajMOCBS3U
pPErHMOHAIIBHOTO 3HauyeHUs (YpPOBHSI) MOJKHA YYUTHIBATH HEPABHOMEPHOCTH (HEMOJHOTY) MOKPBITHS
COTOBOH CBSI3bI0 PETHMOHA CETSMHU C TEXHOJOTHSIMU Pa3jiu4HbIX NOKOJIeHWH. [[ns 3Toro mpeasiaraercs.
UCTOJIB30BAaTh METOJ MPeoOpa3oBaHMs TPAHUIl TEPPUTOPUN CO CIOXKHOM KOH(HUTypamuend K BHIY
OKPYKHOCTH C paliyCOM, OIIPEAEISIONIMM IUIOIIAa/lb 3TOH TEPPUTOPUH.
IlenHocTh pemieHusi U pe3yJbTaThl: B crartbe npejuiaraercs U paccMaTpyBaeTCsl yKa3aHHasi METO/IMKa
ONpeNeIeHUs] TEPPUTOPUAIIBHON HAJAECKHOCTU COTOBOM pAJMOCBA3M HAa PErHOHAIIBHOM YpPOBHE C
KOHKPETHBIM €€ IPUMEHEHUEM JIJISl OJTHOTO U3 peruoHOB PO.
Knrwouegvie cnosa’: HaneKHOCTh CBSI3U, PaJMOCUTHAIBI, COTOBAsI CBS3b, TEPPUTOPHUS 30HBI CBA3H.

SUBSTANTIATION OF THE METHOD FOR ASSESSING THE TERRITORIAL

RELIABILITY OF CELLULAR COMMUNICATION AT THE REGIONAL LEVEL
Yu.M. Tulyakov,
Nizhny Novgorod State Technical University. R.A. Alekseeva
Volga-Vyatka Branch of Moscow Technical University of Communications and Informatics
L.R. Kirillov,
Nizhny Novgorod State Technical University. R.A. Alekseeva
D.E. Shakarov
PAO NITEL

The purpose of the work: Determination of a method for assessing the territorial reliability of mobile
communications (reliability in its coverage area) in relation to regional cellular communications.
Methodology:. Various generations of technologies are still used in cellular communication systems
(networks) - from 2G to 4G. Therefore, the assessment of the territorial reliability of cellular radio
communication should be carried out by solving a multivariate problem for various used cellular
communication technologies.
Novelty and consequences of the study: The territorial reliability of cellular radio communications of
regional significance (level) should take into account the uneven (incomplete) coverage of cellular
communications in the region by networks with technologies of different generations. For this it is
proposed. use the method of converting the boundaries of territories with a complex configuration to a
circle with a radius that determines the area of this territory.
Solution value and results: The article proposes and discusses the specified method for determining the
territorial reliability of cellular radio communications at the regional level with its specific application for
one of the regions of the Russian Federation.
Key words: communication reliability, radio signals, cellular communication, communication zone
territory.
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YK 621.396
OIIPEJEJIEHUE METOJMK U CIIOCOBOB OIEHKH HAJIEXKHOCTH IOJIBUKHOM
PAAUOCBA3U ITPU PA3JIMYHBIX TIPUHIUITAX (BUJAX) EE OPTAHU3ALIUAN
IO.M.Tyasikos,
ORCID: 0000-0003-0689-0078 e-mail: yu.m.tulyakov@rambler.ru
Huxeropoackuii rocyaapCTBEHHbIM TEXHUYECKUN YHHBEpcUTET UM. P.A. AnekceeBa
Bounro-Bsitckuit ¢punuan MOCKOBCKOTO TEXHHUECKOTO YHUBEPCUTETA CBA3H U HH()OPMATHKHI
A.B.Ilponun
ORCID: 0000-0002-9692-9556 e-mail: andreytemnikov.pronin@yandex.ru
AO «Koncrpykropckoe 6ropo «KyHnuesoy, r. Huwkuuit HoBropos
JLE. lllakapos
ORCID: 0000-0002-2040-5879 e-mail: dimashakarov@mail.ru
ITAO «<HUTEJI»

Henp padorbl: AHanu3 BHUJIOB MOMEX M 3aTyXaHUIl paJMOCUTHAJIOB B Pa3jIUYHbIX BUAAX IOABHXKHOMN
CBSI3U, OIIPEIEIICHUE METOAUK U CIIOCOOOB OLIEHKU €€ HaJEKHOCTH.

Metoposorusi: Jlns cucreM Ha3eMHOM IIOJABMKHOM, KBAa3UCTAllMOHAPHOW M CIIyTHUKOBOW CBS3H
aHAJM3UPYIOTCS BU/IBI IOMEX U 3aTyXaHUH UX pPaJMOCUTHAJIOB (B TOM YHCJIE MYJIbTHILNIMKATUBHBIX TOMEX).
Omnpenensiercs UX BIMSHUE Ha HAJEKHOCTH pPAJAMOCBA3M [0 BPEMEHHU U 10 TEPPUTOPUU 3OHBI
o0cCITy>)KuBaHMs1, 000CHOBBIBAIOTCS] METOJIMKU OLIEHKU 3TUX BUJOB Ha/IEKHOCTH.

HoBu3na u mnociaencrBusi ucciaegopanusi: OO0oOIIalOTCS M CUCTEMAaTU3UPYIOTCA BHJIBI IOMEX U
3aTyXaHU! PaJUOCUTHAJIOB B PA3JINYHBIX BUAAX MOJBUKHOM CBS3HM, HA OCHOBAHMM YETO ONPENEIAIOTCA U
COIOCTABJIAIOTCSI METO/IBI M CIIOCOOBI OLIEHKU Ha/IeKHOCTU PAIUOCBSI3U B 3TUX BUAAX CBS3H.

LlenHoCTh pemieHust U pe3yJbTaTbl: Pe3ynbTaThl, H3J10)KEHHBIE B CTaThe, MOT'YT OBITh UCIIOJIb30BaHbI B
CpaBHUTEIHHON (OpME ISl OLIEHKU HaJIS)KHOCTU PAIMOCBI3U YKa3aHHBIX BUIOB ITOABIKHON CBSI3H.
Knrouesvie cnoea: HaneKHOCTb PaJUOCBSI3H, IOMEXH, 3aTyXaHUS PAJUOCUTHAJIOB, TIOJBUKHASI CBSI3b.

DETERMINATION OF METHODS AND METHODS FOR ASSESSING THE RELIABILITY OF
MOBILE RADIO COMMUNICATION UNDER VARIOUS PRINCIPLES (TYPES) OF ITS
ORGANIZATION
Yu.M. Tulyakov,

Nizhny Novgorod State Technical University. R.A. Alekseeva
Volga-Vyatka Branch of Moscow Technical University of Communications and Informatics
A.V. Pronin
JSC Design Bureau Kuntsevo, Nizhny Novgorod
D.E. Shakarov
PAO NITEL

The purpose of the work: Analysis of the types of interference and attenuation of radio signals in various
types of mobile communications, determination of methods and methods for assessing its reliability.
Methodology: For terrestrial mobile, quasi-stationary and satellite communication systems, the types of
interference and attenuation of their radio signals (including multiplicative interference) are analyzed.
Their influence on the reliability of radio communications over time and over the territory of the service
area is determined, methods for assessing these types of reliability are substantiated.

Novelty and consequences of the study: The types of interference and attenuation of radio signals in
various types of mobile communications are generalized and systematized, on the basis of which methods
and methods for assessing the reliability of radio communications in these types of communications are
determined and compared.

Solution value and results: The results presented in the article can be used in a comparative form to assess
the reliability of radio communications of these types of mobile communications.

Key words: radio communication reliability, interference, radio signal attenuation, mobile communications.
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YK 621.396:358.4
NoAXO0A K OHEHKE D®@PEKTUBHOCTHU PAAIMOTEXHUYECKOI'O OBECIIEYEHU A
MOJIETOB ABUALIUU
B.C. ®enrouenko
ORCID: 0000-0001-6258-3529e-mail: vladimir.fedyuchenko@yandex.ru
Boennslil yueOHO-Hay4YHBIH IeHTp BoeHHO-BO3AyIIHBIX cHIT «BOEHHO-BO3IyIIHAS aKaJeMusi UMEHU
npodeccopa H.E. XKykosckoro u FO.A. I'arapunay (. Boponex)

C Hayana mpomuIoro BeKa, B CBSI3U CO CTPEMUTEIBLHBIM IPOTPECCOM B OOJACTH aBHACTPOCHHUSI,
HAOJIO/IaeTCsl YBEIMUEHUE WHTCHCUBHOCTH W IUIOTHOCTH BO3MYLTHOTO JBHKCHHS, XapaKTEPU3YIOIIEe
0COOEHHOCTH TIPUMEHEHHUSI HE TOJBKO TPAKJAHCKOW, HO W CIICIMAIBHOW aBUAIlMK. B JaHHBIX YCIOBUSIX
0co0y10 poib npuodpetaer paauorexuudeckoe obdecrneuenue (PTO) monéros, ogHa U3 OCHOBHBIX 33134
KOTOPOTO 3aKIIF04aeTcsi B (OPMUPOBAHHH JTOCTOBEPHOW M O€30MacHOW HABUTAIIMOHHON WH(OpPMAIUU U
CBOCBPEMEHHOH e€ BbIa4M Ha OOPT BO3AYIIHOTO CYyIHA W MYHKTHI YIPABICHHS C IEITbIO OMPEIACIICHUS
TEKYIIET0 MECTOMOJIOKEHUS BO3YIITHOTO Cy/IHA Ha BCEX ATArax MmoyiéTa B 3aJlaHHOW 00JIACTH BO3AYIIIHOTO
npoctpancTBa.C MENbI0 OMpeAelieHUsT Hauboee palroHATbHBIX KOHPUTYpanuidi cuctemsl cBsi3u u PTO,
pacnpeneneHuss cun U cpeactB cBizu u PTO, ompeneneHus mnopsaka WX HUCHOIb30BaHUS, T.C.
CIOCOOHOCTH CUCTEMBI CBSI3U M PTO BEHITIONHSTH MMOCTABICHHBIC 33]1a4l, HEOOXOAMMO MTPOBOAUTH OIICHKY
s dextuBHOCTH noacuctemsl PTO.

B mpemnaraemom monxone oneHky addexkruBHocTH PTO mpemraracTcss OCyImECTBISATh B
HECKOJIBKO JTamloB: pacu€T 3HAUCHW YACTHBIX IOKas3arened, o0O3HaYeHHWE 3HadYeHUS QYHKIUU
KEJATeITbHOCTH Ka)/I0T0 YaCTHOTO IOKa3ares (YacTHOM KeNIaTeIbHOCTH), CBEPTKA YaCTHBIX (DYyHKITHHA
KEJaTeJIbHOCTH B 0000IIEHHBIN TTOKA3aTelb.

Knrwouesvie cnoga:painoTexHudeckoe oOeCTedeHrne, HaBUTALMOHHOE Toie, Kod(duuueHt
a¢heKTUBHOCTH

AN APPROACH TO ASSESSING THE EFFECTIVENESS OF RADIO ENGINEERING
SUPPORT FOR AVIATION FLIGHTS
V.S. Fedyuchenko
Military Training and Research Center of the Air Force "Air Force Academy named after Professor
N.E. Zhukovsky and Yu.A. Gagarin™ (\oronezh)

Purpose: Development of an approach to evaluating the effectiveness of the radio engineering support
system for aviation flights, which allows for the rational construction of a radio engineering support
system.
Design/methodology/approach:To evaluate the effectiveness of the radio engineering support system, it
is proposed to use the generalized Harrington desirability function.
Findings:The proposed approach to assessing the effectiveness of radio engineering allows us to
determine the most rational configuration of the communication system and radio engineering support for
aviation flights, to carry out the distribution of forces and means of communication and radio engineering
support, to determine the order of their use.
Research limitations/implications: This article is a stage of research in the field of improving the
efficiency of radio engineering support for aviation flights.
Originality/value:A distinctive feature of the proposed approach to evaluating the effectiveness of the
flight radio engineering system from the previously developed ones is the consideration of both non-
autonomous and autonomous radio navigation means.

Keywords: radio engineering support, navigation field, efficiency coefficient
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YK 004.7:004.8944
PAZPABOTKA CUCTEMbI KOHTPOJIAA THAPOTEPMUYECKHUX ITAPAMETPOB /IJISA
INOJAEPKAHUSA KOM®OPTHbBIX MUKPOKIMMATHYECKUX ITAPAMETPOB
B «YMHOM» ITUIE®ABPUKE
HIamacnaXam3a
ORCID: 0000-0002-7637-2471 e-mail: t26032017@gmail.com
Huxeropoackuii rocygapcTBeHHbIN TexHUueckuil yHuBepeuteT uM. P.E. AnekceeBa

B paGore mpemioxeH pa3paboTrka 3(PPEKTUBHOM CHCTEMBI KOHTPOJIS THUIPOTEPMHUYECKUX
napaMeTpoB (TeMIEpaTypbl MU OTHOCUTEIBHOM BIIAXKHOCTH), KOTOpas HaIlpaBlIieHa Ha MOJIepKaHHe
KOM(OPTHBIX MHUKPOKIMMATHYECKUX I1apaMeTPOB C TOMOIIbI0 THOpHUIM3AIMs HEHPOHHBIX CeTel ¢
HEYETKOW JIOTUKOM, MO3BOISIONINKI MPOBOIUTH UACHTU(DUKALNIO CIOKHBIX HEJIMHEHHBIX AMHAMUYECKUX
O00BEKTOB M CHHTE3MPOBATH JIJIsl HUX HEJIMHEHHBIC 3aKOHBI YIPABICHHS, YTO JAa€T BO3MOXXHOCTh PelaTh
paccMaTpuBaeMylo 3a/ladyy CUHTE3a CUCTEMbI YIPaBJICHUS B YCIOBHUIX YaCTUYHOUW HEOIMPEIEICHHOCTH Ha
OCHOBE HMEIOIIUXCSA OSKCIEPHUMEHTAIBHBIX JaHHBIX, MOJYYCHHBIX Ha oObekre. [ uOpunmzamus
HEHPOHHBIX CETeH C HEYETKOW JIOTMKOW MO3BOJSET CYHIECTBEHHO MOBBICUTH 3(P(HEKTUBHOCTH PaOOTHI
CHCTEM aBTOMAaTHYECKOTO YIPaBIEHH 3a CYET TOTO, YTO HEJOCTATKHU, MPUCYIIHE OJHON U3 TEXHOJIOTHUH,
KOMITEHCUPYIOTCS IPEUMYILIECTBAMU APYTOit

Knrwoueevle cnoea: WCKycCTBEeHHbIX HelpoHHbIXx ceredl  (ANN), HEYETKON  JIOTUKH
(FLC),ananTuBHYIO cucTemy Helipo-HeueTkoro BbiBoga — ANFIS.

DEVELOPMENT SYSTEM FOR MONITORING HYDROTHERMAL PARAMETERS TO
MAINTAIN COMFORTABLE MICROCLIMATIC PARAMETERS IN A "SMART" POULTRY
FARM
Shamasna Hamza
Nizhny Novgorod state technical university n.a. R.E. Alekseyev

Purpose: The author provides Development of an effective system for monitoring hydrothermal
parameters (temperature and relative humidity), which is aimed at maintaining comfortable microclimatic
parameters using hybridization of neural networks with fuzzy logic
Design / methodology / approach: Hybridization of neural networks with fuzzy logic can significantly
improve the efficiency of automatic control systems due to the fact that the disadvantages inherent in one
of the technologies are compensated by the advantages of the other, At the time of training the neural
network, the initial data is taken from the training sample, then the network processes data on the
characteristics of the physical environment obtained in the real time. The measured values (T, W) are
transmitted to the second layer of the network, where the stage of formation of belonging to a group of
fuzzy sets takes place.To form the primary data set, the results of experimental studies conducted within
this room and several similar rooms equipped with climate control systems were used, the desired
operation parameters were taken from scientific papers on the microclimate of closed poultry houses, as
well as expert recommendations on the operation of microclimate systems in the agro-industrial complex.
Primary data is divided into groups according to their properties.
Membership functions define correspondences between input data and fuzzy sets. The study showed that
the input data belong to one of the 25 groups of the range of values of the input vectors
Findings: The paper finds to use of neural networks, including fuzzy ones, to control the microclimate in
digital poultry farms is a worthy option. This is due to the fact that neural networks have high dynamic
adaptability and are able to learn based on previous data and experience. They can also take into account
fuzzy or uncertain data, which makes them more suitable for managing the microclimate in digital farms.
Research limitations/implications: Research is limited, expert data, and all input variables affecting the
system, at which it is possible to investigate in further work.
Originality/value: The combined use of artificial neural networks (ANN) and fuzzy logic (FLC) makes it
possible to identify complex nonlinear dynamic objects and synthesize nonlinear control laws for them,
which makes it possible to solve the problem of control system synthesis under partial uncertainty on the
basis of available experimental data obtained at the facility.

Key words: artificial neural networks (ANN), fuzzy logic (FLC), adaptive neuro-fuzzy inference
system — ANFIS
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YJIK 004.89
MOJAEJb UTHTEJJIEKTYAJIBHOI'O YIIPABJIEHUSA
IMPOIIECCOM OBYYEHUSI HEHPOHHBIX CETEN
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
I'' . Ky3HeuoB
ORCID: 0000-0001-5564-045X e-mail: gd.smith@yandex.ru
B.A. I'oaxy0enko
ORCID: 0000-0002-4683-3249 e-mail: fullmoonshrine@gmail.com
HN.A. HoBukoB
ORCID: 0000-0001-6963-9628e-mail: nov.ilucha@yandex.ru
HuxeropoackuiirocygapcTBeHHbIN TexHuYeckuil yauBepcuret uM. P.E. AnekceeBa

[To3aHee oOHapy)eHHe TPOOJIeM, BO3HUKAIOIIMX B IPOIECCe 00YUEHHsT HEUPOHHBIX CETEM, MOKET
NPUBOJIUTH K CHIDKCHHIO KauyecTBa WX pabOThI YTO, B CBOKO OYEpE/ib, BIICUET 3a 000N HEOOXOAMMOCTH
NPOBEJICHHS TOBTOPHBIX HTEpAlMii OOYYCHUS M, KakK CICICTBHE, IOMOJIHHUTEIbHBIE BPEMEHHBIE WU
¢buHaHCOBBIC 3aTpaThl.B paboTe mpeanokeHaMoIes b, MO3BOJISIONIAs OCYIIECTBIST aHAM3 PE3yIbTaTOB
nporecca 00ydeHUss MCKYCCTBEHHBIX HEMPOHHBIX CETeH Ha OCHOBE NPH3HAKOBOIO OIMMCAHMSA KPUBBIX
oOyuenust. IlpemokeHHas MOJEIb OCHOBaHA Ha MAIIMHHOM OOYYEHHM U SBISETCS YacThiO
0000ImIaroIIel MO MHTEUICKTYalbHOIO YIPABICHUS MPOIECCOM OOydeHHs HEHpOHHBIX cereil. B
paboTe OmHcaH MOIX0 1 K HHTErPALUH ITPEIOKEHHOU MOIETH C MOJIENIBI0 aBTOMATHYECKOTO MAITMHHOTO
o0yuenus. IIpoBeséH BBIYUCIUTENBHBIM KCIEPUMEHT, IOKA3aBIIMHCOMOCTABUMOCTD IPEII0KEHHOM
Mojenn caHamoramMu. OmHCaHbl JalbHEHINNE IMEPCHEKTHBBI YCOBEPIICHCTBOBAHUS IPEIIOKEHHOM
MOJIEIH.

Kniouesvie C/106A:KPUBBIC 00yueHus, HEWPOHHBIE cerH, ABTOMAaTH3AIIHSA
o0yuenwust,knaccudukanus, earlystopping.

INTELLIGENT CONTROL MODEL
THE LEARNING PROCESS OF NEURAL NETWORKS
R.O. Barinov, V.E. Gai, G.D. Kuznetsov, V.A.Golubenko, I.A. Novikov
Nizhny Novgorod State Technical University n.a. R.E.Alekseev

Purpose: This work is aimed at increasing the degree of automation and interpretation of the learning
process of an artificial neural network by analyzing learning curves.

Design / methodology / approach: This paper proposes a model for automatic evaluation of the training
results of a neural network based on quality metrics derived from its training process. At each step of
model training, the optimizer calculates given network performance metrics. For classification, the main
metrics used are cost functions, such as binary or cross-entropy, and the rate of correct predictions. Thus,
it is reasonable to consider these metrics as a time series with a step of one epoch of model training. The
metrics obtained from the optimizer are used to calculate a series of features that are passed as input to a
classification network. The classifier then determines the state of a training process at a given epoch.
Three states are defined for the model output: normal training, underfitting and overfitting. The
classification result, i.e., an assessment of the learning state at the current epoch, is passed to a
management system which, combined with the original performance metrics, determines whether to
adjust the learning process, stop it, or continue without changes.

Findings: The article defines the feature descriptions of learning curves based on the methods of
mathematical statistics, as well as a classifier model that allows you to determine the state of the learning
process at the moment.

Research limitations/implications:Research is limited to classification models. Nevertheless, the results
obtained can be further used in automatic machine learning systems.

Originality/value: The value of the whole paper is proposed model of automatic evaluation of the
learning outcomes of an artificial neural network, built on the basis of the classification of the
characteristic description of the learning curves of artificial neural networks, the algorithm for the
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formation of the characteristic description of learning curves and the algorithm for classifying the current
state of the learning process of an artificial neural network.
Key words:learning curves, neural networks, learning automation, classification, early stopping.
YK 004.94
O NIPAKTUYECKHUX MOAXOJAX K CO3JAHUIO BUPTYAJIBHBIX TPEHA’KEPOB HA
BA3E TEXHOJIOTU BUPTYAJIbHOM U IOMMOJHEHHOM PEAJIBHOCTH
A.O. bopoBuiioB
ORCID: 0000-0002-8802-970X e-mal: borovilov@vsuwt.ru
Boipkckuii rocy1apCTBEHHBIM YHUBEPCUTET BOJIHOTO TPAHCIIOPTA

TexHonmornn  BHPTyalbHOW W JONOJHEHHOW  PEAJBHOCTH, W3HAYAJIbHO  CO3JIaHHBIC
IIPEUMYILECTBEHHO JUIsl MHIYCTPUM Pa3BJIICUCHUM, HAIUIM CBOE OTPAXKCHUE B CAMBIX Pa3HBIX OTPacCiIAX
YeJIOBEYECKON JIeATEIbHOCTH, HO OCOOEHHO AaKTyaJlbHbIM SIBJIETCS UX HPUMEHEHHE sl OOydeHMs
IIEPCOHAJIa, & TAKXK€ B KAUeCTBE CHUCTEM IMOAACPKKHU IPUHATUSA PELICHUH, O YEM CBUJETEIBCTBYET
HaJinyue OOJIBIIOr0 KOJMYECTBAa HAYYHBIX CTAaTed M MPOrpaMMHBIX pa3pabOTOK, MOCBSAILIECHHBIM 3TUM
TemMaM. BpICOKas BOCTpeOOBAaHHOCTh MOAOOHBIX PEUICHWH HA PHIHKE HEMHUHYEMO IMPHBOJHUT K POCTY
KOJIMYECTBA PA3JIMYHBIX METOJIHUK, ITOJXOJ0B MU TEXHUUYECKUX CPEACTB IO UX co3naHuto. [lo ymomuanuio
nporecc pa3paboTKU BHUPTYaIbHBIX TPEHAXEPOB JOCTATOYHO CIOXKEH M TpeOyeT OT UX pa3paboTuMKOB
OOIIMPHBIX 3HAHUHN U3 CaMbIX Pa3HbIX OTpacieil HAyKU U TEXHUKHU. B CBA3M ¢ yeM Ha pbIHKE CyLIECTBYET
JIOCTaTOYHOE KOJMYECTBO PpEUICHUM, MPU3BAHHBIX OOJErdyuTh TPOLECC CO3JaHUSl BUPTYaJIbHbBIX
TPEHaXXEpPOB Ul HECNEUUAIUCTOB. B craThe mnpenacTaBiieH 0030p pa3iMuYHBIX IOAXOJOB CO3/aHUS
BUPTYaJbHBIX TPEHAXEPOB Ha 0a3e TEXHOJOTMH BHUPTYaJbHOM U JIONOJHEHHON pPEaJbHOCTU C
ONHCAaHUSAMU IUIIOCOB M MHHYCOB KaXJOIO M3 IIOAXOJOB, a TaKK€ pPacCMOTPEHbl KOHKPETHbIE
TEXHUYECKHE PELICHUS, C IOMOLIBIO KOTOPBIX OCYLIECTBIISIETCS CO3JaHUE BUPTYAIBHBIX TPEHAXKEPOB.

Knroueevie cnoea: TpeHaxKepsl, BUPTyallbHasl PEAIbHOCTb, JOIIOJIHEHHAs! PEAIBHOCTb.

ABOUT PRACTICAL APPROACHES TO CREATING VIRTUAL SIMULATORS BASED
ON TECHNOLOGIES OF VIRTUAL AND AUGMENTED REALITY
A.O. Borovilov
Volga State University of Water Transport

Purpose: The article is devoted to the comparison of modern methods of developing virtual simulators
based on virtual and augmented reality technologies.
Design/methodology/approach: The article provides an overview of various approaches to creating
virtual simulators based on virtual and augmented reality technologies.
Findings: The article presents the pros and cons of each of the approaches to creating virtual simulators,
as well as specific technical solutions that are used to create virtual simulators.
Research limitations/implications: The article is an introduction to the problems of virtual
simulatorsdeveloping and it determines the direction for further research.
Originality/value: The development of virtual simulators is widely used in various branches of science
and technology. A study of the main approaches to their development will help determine which one to
use depending on the task.

Key words: simulators, virtual reality, augmented reality.
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YK 681.518.3
OIITUMM3 AL ITPOIECCA YIIPABJIEHUA PUCKAMU B MHOT'OYPOBHEBBIX
KOPIIOPATUBHBIX CUCTEMAX
J.C. bparyxun
ORCID:0000-0003-2138-5491e-mail:dmitrybr@outlook.com
Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yausepeuteT uM. P.E. AnekceeBa

VYropapiieHue MpoeKTaMu MPU YCIOBUM HAJIM4YWs PHUCKA - 3TO TeMa, MOJyYMBIIAs JOCTATOYHOE
KOJIMYECTBO HCcleAoBaHuid. B 310l pabore paccmarpuBaeTcss 3ajada MHOTOYPOBHEBOUM ONTHMHU3AIHNU
NPUHATHST PEIIeHUH MO YIPaBICHUIO MPOeKTaMH. MeHekep NPUHMMAeT pelIeHHEe O IPaBHIbHOM
o0BeMe paboT B MPOEKTE B 3aBHUCHUMOCTH OT TOTO, KaKO€ BO3HATPAXKIECHUE OH MOXKET IMOJYYHUTh MPHU
YCHENHOM 3aBepiieHuH npoekTa. COOCTBEHHUK OyIeT YYHMTHIBATh CIOKHOCTH MPOEKTA, AOXOJ OT €ro
YCTICIIHOTO BBIMOTHCHHS, & TaKXKe KBATU(UKAIMIO MEHEIDKEepa Ui TOTO, YTOOBI ONMPEISIUTh pa3Mep
BO3HArpaXJeHUs B ero uHrepecax. s Havanma HeEoOXOOUMO paccuuTaTh 3a/ady ONTHMHU3ALMU IS
MCHECDKEpAa HHIXKXHETO YPOBHA, LITO61-)I IIOJIY4YHTDb I[OCTHFaeMBIﬁ PE3yJIbTaT. Ha ocHose IIOJTYYCHHBIX
YHUCIIEHHBIX PEIIEHUN CTPOSTCS 3aBUCUMOCTU LEJeBhIX (YHKIUN MEHemIKepa H KOPIOpaluH,
BEPOSITHOCTH YCIICIIHOTO 3aBEPIICHHS] MPOEKTa, a TaKKE BO3HATPAXKICHMS 3a JIOCTHIKEHHE ycIlexa OT
OTHOCHUTENILHOM CII0KHOCTH MPOEKTa U 10X04, MOJIy4aeMOro MpHU ero YCHEeIIHOM 3aBEpIICHUH.

Knrouesvie  cnoea:nByxypoBHEBass — ONTHMHU3ALMSI, MEHEKMEHT, YIpPABIEHUE  PHUCKaMH,
MaTeMaTHYECKOE MOJIEJINPOBaHKE, KOPIIOPATUBHOE YIIPABJICHUE

OPTIMIZATION OF THE RISK MANAGEMENT PROCESS IN MULTI-LEVEL
CORPORATE SYSTEMS
D.S. Bratukhin
Nizhny Novgorod state technical university n.a. R.E.Alekseev

Purpose: The author suggests, based on the model we have built, to create a prototype of a system for
rewarding managers when they implement projects that involve the risk of failure.

Design / Methodology / approach:To solve this problem, it is proposed to use a bilevel optimization
method, assuming that there is some project.

Findings: A model is proposed that allows optimizing the balance of interests of the corporation and
managers at various levels. Based on this model, it is possible to build a prototype of a system for
rewarding managers when they implement projects that involve the risk of failure. The proposed approach
can be extended to the case of a multi-level corporate management system.

Research limitations/simplications: The proposed formulation assumes a simplified model of
motivation of the manager, which is suitable only if he has one project. If there are several projects, the
failure of some of them can be compensated by the success of others, which will contribute to less non-
linearity in risk accounting. The motivation of such a plan is manifested primarily in the critical sectors
for the country.

Originality/value: The proposed approach is a simplified model of motivation of the manager,
corresponding to the situation when theyhas only one project.Based on this model, it is possible to build a
prototype of a system for rewarding managers when they implement projects that involve the risk of
failure. The proposed approach can be extended to the case of a multi-level corporate management
system.

Keywords: bilevel optimization, management, risk management, mathematical modeling,
corporate governance
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OLHEHKA PUCKOB I'MBEJIU PEYHOI'O NACCAKUPCKOI'O BOJOUSMEIIAIOHIETO
CYJIHA JUISI CUCTEMBbBI HOJAEPKKHW MPUHSITUS PEILIEHUI
ITPA YI'PO3E 3ATOIJIEHUA

A.B. BaasieB
ORCID: 0000-0002-0446-6073 e-mail: wav-dk @mail.ru

E.A. Jlykuna
ORCID: 0000-0002-3834-2386 e-mail: evair@yandex.ru

10.C. ®engocenko

ORCID: 0000-0002-9434-4386 e-mail: fds1707@mail.ru

Bomkckuit rocyiapcTBeHHBIN YHUBEPCUTET BOJHOTO TPAHCIIOPTA

B 3kCTpeManbHBIX OKCIUTYyaTallMOHHBIX YCIOBHUSAX AaKTyaJIbHOCTH YTPO3bl 3aTOIUICHHA U
ONPOKMUJBIBAHUS PEYHOIO IACCAKUPCKOTO BOJOM3MELIAIOLIErO CyAHA KalUTaH JOJDKEH HUMETh
BO3MOKHOCTb B PCAJbHOM BPEMEHHM OTCIIEKMBAaTh JWHAMHKY IIOKAa3aTelled, XapaKTEePU3YIOIIUX
IUIAaByYECTh W OCTOWYHMBOCTH CyAHA. llepCreKTHBHBIM CHOCOO TONMy4eHUS M NPEACTABICHUS TaKHX
JAHHBIX MOMKET OBbITh pEaJM30BaH KaK CHCTEMa IOJJIEPKKM MPUHATHS KOMAaHJHBIX PELICHUH 110
ucrob30BaHuo mratHbix cpenacts cnacenus (CIIIIKP) B cocraBe mudpoBoro mporpaMMHo-anmapaTHOro
koMIiekca ynpasiaeHus cynHoM. Takas CIIIIKP  ocymiecTBisier HenmpepbIBHBIE ~ MOHMTOPHUHI
XapaKTEPUCTUK ITOCAAKH Cy[JHA, pPAacyeT IPOTHO3HBIX 3HAYCHUM  IAPAMETPOB, XapAKTEPHU3YIOLIMX
pa3BUTHE NOTEHIMAIbHO aBapUHHON CUTyalluu, OTOOpa)kaeT B TOM WM MHOM (hopmare UX Ha MOHHTOpE
XOIOBOM pyOKM JUIsl NPUHATHS KalMTAaHOM CyJHAa KOMAaHAHBIX pELICHUM, B TOM 4HCIE IO
9BAaKyallUOHHOMY IIPOTOKOJIy JUI1 IAcCakKUpOB W dSKUNaxa. J[eHCTBYIOIMMU HOPMAaTUBHBIMU
JOKYMEHTAMH HE OIIPENEIICH KPUTEPUIl IIOKUIAHNS PEYHOIO Cy[HA IIPH yIPO3€ PUCKOB €r0 CKOPOTEYHOIO
3aTOINIEHUS. U ONPOKUIBIBaHUA. B cTarbe nIpeuiaracTcsi OCHOBBIBAEMBINM HA HCIOJIb30BAaHUM KPHUBBIX
MHTEHCHUBHOCTH M3MEHEHHUs XapaKTEPUCTHK OCTOMYMBOCTU CYIHA KOHCTPYKTHBHBIN BapHAaHT KPHUTEpUs
OLIEHKA TaKWX pPHUCKOB B (opMe JHMHIBUCTHYECKON NEPEMEHHOH, NPUHUMAIONICH 3HAYCHHS
HE3HAYUTEJIbHOIro, JOMYCTUMOro M Hejxomyctumoro pucka. s dynkunonuposanus CIITIKP
pa3paboTaHO ¥ AKCIEPHUMEHTAIBHO OMpPOOOBAHO COOTBETCTBYIOIIEE MOIEIHHO-AITOPUTMHYECKOE
obecrieyeHue.

Kniouegvie cnoea: oueHKa PHUCKOB, PEUHOE BOJAOM3MELIAIOLIEE CYAHO, IOAJNEPKKA IPHUHITHUSL
pELIeHnl, OCTOMYNUBOCTD Cy[HA, 3aTOIUICHHE

APPRAISAL OF THE LOSS RISKS OF A RIVER PASSENGER DISPLACEMENT VESSEL
FOR A DECISION SUPPORT SYSTEM IN THE EVENT OF ATHREAT OF FLOODING

A.V. Valyaev, E.A. Lukina, Yu.S. Fedosenko
\olga State University of Water Transport

Purpose: The purpose of the work is to substantiate the criterion for assessing the risk of loss of a river
displacement vessel for the SSTDM in the event of a threat of flooding and capsizing.
Design/methodology/approach: The evaluation criterion proposed in this paper is based on the use of
curves of the intensity of changes in the stability characteristics of the vessel.
Findings: A constructive variant of the criterion for assessing the risks of shipwreck under the threat of
its transient flooding and capsizing in the form of a linguistic variable taking the values of insignificant,
permissible, and unacceptable risk is substantiated. The corresponding model-algorithmic software has
been developed and tested for the functioning of the SSTDM.
Research limitations/implications: The results of the article serve as a starting point for research and
development of integrated automation systems for river vessels.
Practical implications: Reducing the level of influence of the "human factor” on the processes of making
command decisions by the captain of a river vessel in extreme operating conditions, including according
to the evacuation protocol.
Originality/value: The proposed approach can be extended to other types of river vessels.

Keywords: risk assessment, river passenger vessel, decision support, ship stability, flooding
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OIIBIT PEAJIN3AIIMA JONTOJHEHHOM PEAJIBHOCTMU ITPH YIIPABJIEHUH
ABUKEHUEM CYJHA I10 KYPCY B CTECHEHHBIX HABUTAIIMOHHBIX YCJIIOBUSAX
P.J. I'asteeB
ORCID: 0000-0003-4059-7908 e-mail: r.galeev@volgaflot.com

Bokcknii rocynapCTBEHHBIN YHUBEPCUTET BOIHOIO TPAaHCIIOPTa

JIBuKeHHE BOJOU3MEILAIOLIETO CyAHA IO KypCy B JIMHEWHBIX palloHaX M aKBaTOPHSIX BHYTPEHHUX
BOJHBIX IyT€H OOBIYHO OCYILECTBJIAETCS B CTECHEHHbIX HaBHUTralMOHHbIX ycioBuax (CHY). K wHum
OTHOCSITCS BCEBO3MOXKHBIE YUYACTKU C PETYIUPYEMBIM JBIKEHHMEM M IOMEXH. B cuily Hanuuus Takux
OTrPaHUYEHUH CYJOBONUTENb JOJDKEH YMETh B C)KATbIE MPOMEXYTKH BPEMEHHU, HA KOPOTKUX IHUCTAaHLUAX
OPUHUMATh pEUIeHUs, OOYCIIOBIMBAaEMbIE TEKYIIeH OKCIUTyaTallMOHHOW curyauueil. OmubouHoe
IIPOrHO3UPOBAHUE TPACKTOPUM JIBUKEHMSI CylHA C IOCJIEIYIOIIMM IPUHITHEM HE BIIOJIHE KOPPEKTHOIO
pELIECHNsT MOXET IIPUBECTH K HELITATHBIM CUTyalUsM: IIOCAJKa CyIHA HAa MeJb, KACAaHUE 3aTOIUICHHBIX
IIPEIMETOB, HaBaJl, CTOJIKHOBEHUE C I'MAPOTEXHUUYECKUMU COOPYKEHUAMH. OAMH U3 BO3MOXHBIX IyTEH
COBEpILICHCTBOBAaHUS yIpaBieHUs IBrkeHHeM cynHa B CHY 3axiroyaercs B peanusaluu TEXHOJIOTUU
nonojgHeHHoW peanbHOCcTH (P) mpu oTOOpa’keHMM HA MOHHUTOPE XOJOBOIO MOCTHKA B PEaIbHOM
MaciuTabe BpeMEHH NMPOTrHO3HOM TPaeKTOPUU JIBUKEHUS CylHA BKyIe ¢ HU(POBBIM JBOHHUKOM BUJIMMON
[IaHOpaMbl TEKyIleH cynoxoqHoW oOcraHOBKU. CTaThsi MOCBSILEHA OOCYXAEHHUIO TAaKOIO IOAXOAa,
pearu30BaHHOTO Ha OCHOBE TEOPETHYECKOTO HCCIIEA0BaHMS, IMOCIeayroleld pa3paboTKu MOJEIbHO-
aJITOPUTMHYECKOT0 00ECTIEYEHHSI U €r0 IKCIIEPUMEHTAIBHOTO alipoOHpPOBaHUSI.

Knrouegvie cnoea: nONONHEHHAas PEaJbHOCTb, BOAOM3MELIAIOIIEE CYIHO, YIIpPaBICHUE
JBUKEHUEM, CTECHEHHbIC HABUTALMOHHbIE YCIOBUS

EXPERIENCE IN THE IMPLEMENTATION OF AUGMENTED REALITY WHEN
CONTROLLING THE MOVEMENT OF VESSEL ON A COURSE IN CRAMPED NAVIGATION
CONDITIONS
R.E. Galeev
\olga State University of Water Transport

Purpose: The purpose of this article is to implement the AR (augmented reality) technology for
displaying on the monitor of the navigation bridge in real time the dynamics of the forecast trajectory of
the vessel.

Design/methodology/approach: One of the possible ways to improve the processes of controlling the
movement of the vessel along the course in limited navigation conditions (LNC) is the implementation of
digital technology AR.The article is devoted to the discussion of such an approach, practically
implemented on the basis of system theoretical research, subsequent development of model-algorithmic
support and its experimental testing.

Findings: A model-algorithmic software has been developed for a decision support system that provides

the vessel master on a computer monitor in real time with the ability to evaluate the forecast trajectory as

AR when controlling the movement of the vessel along the course, coupled with a dimensionally

consistent display of a digital double of the panorama of the real navigation situation visible from the

bridge of the vessel.

Researchlimitations/implications: The results of the article serve as a starting point for research in the
field of AR in decision support systems when controlling a vessel in LNC.

Practical implications: Reducing the risks of the influence of the "human factor™ in the context of current
navigation hazards.

Originality/value: The decision support system based on the use of AR technology is really in demand,

can be expanded within the framework of a unified system of navigation safety management services in

linear areas and inland waterways based on appropriate cloud and satellite technologies.There are no such

systems on the Russian IT market.

Keywords: augmented reality, displacement vessel, motion control, limited navigation conditions
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Bomxckuii rocyapCTBEHHBIM YHUBEPCUTET BOJIHOIO TPAaHCIIOPTa

CoBpeMeHHbIE KPYU3HbIE TEIUIOXOJbl, SKCIUIyaTUpyeMble Ha BHYTPEHHUX BOJHBIX MYTSAX U B
NpUOPEKHOM IUIABAaHUU, SIBISAIOTCS OJHUMHU U3 CAMBIX HYHEPrOBOOPYKEHHBIX ABTOHOMHBIX MOOMJIBHBIX
00BEKTOB BOAHOTO TpaHCHopTa. B cocTaB GOPTOBBIX NMEKTPONOTPEOUTENEeH TaKMX OOBEKTOB BXOJAT, B
YaCTHOCTH, CY/IOBbI€ CUCTEMbI KOHIUIIMOHUPOBAHUS, TIOATOTOBKH JU3EIBHOTO TOILJIMBA, BOJOCHAOKEHNUS,
BOJIOOTBE/ICHUSI U OTOIUICHUS, 3JCKTPONPUBOABI MOAPYIUBAIOIIUX YCTPOUCTB. COCTOSHHE OTMEYEHHBIX
ANIEKTPONOTpeOuTeNied B aKTUBHOM (ha3e MOTEHIMAIbHO 3aBUCUT OT pPACIHCaHUs MaplipyTa Kpyusa,
BPEMEHH TEKYIIMX CYTOK, TEMIIEparypbl B MOMEIICHUSAX CyAHA U 32 OOpTOM, aKTyaJbHBIX ITyTEBBIX
yCIIOBUHM, Iepuoja HaBUrauum u psaa apyrux (axropos. Temoil nokmana sBisercs pa3padoTka
MOJICIIBHON TEXHOJIOTHS CHTYAIIHOHHOTO YIPABJICHUS AKTUBHBIMH ()a3aMd KOMIIOHEHTOB OOPTOBBIX
ANIEKTPOMOTPEONIAIOMUX CYAOBBIX MOJCHCTEM, a TaKXKe 3JIEKTPOTCHEPHPYIOIIMM KOMIUJIEKCOM CydHa B
IEJIOM, TIO3BOJISIONIETO CYIIECTBEHHO NMOHU3UTH BIHUSHHE «UEIIOBEYECKOTO (hakTopay Ha yIpaBieHUE
ANIEKTPOMOTPEOICHHEM U DIIEKTpOreHepalnueii, COKpaTuTh pacxXod IU3EIbHOTO TOIUIMBA M TMEPUOIBI
n3Hoca O0OOpyAOBaHUS T€HEPUPYIOIIETO KOMILUIEKCA M, KaK CIEACTBHE,  CYHIECTBEHHO CHU3UTH
AKCIUTYaTallMOHHBIC PACXOJIbI HA COJEpKAHUE TEIJIOX0/1a U MOBLICUTh YPOBEHb 0€3011aCHOCTH IJIaBaHMUsI.

Kniouegvie cnoea: xpynsHblii TEIUIOXO/, YIIPABIEHUE, AIEKTPONOTPEOIICHUE, SIEKTPOTeHEPALIUS

ABOUT THE TECHNOLOGY OF POWER CONSUMPTION AND POWER GENERATION
MANAGEMENT OF A CRUISE SHIP
S.W. Glushkov, A.V. Soloviev, Yu.S. Fedosenko
\olga State University of Water Transport

Purpose: The purpose of this article is to develop a model technology for situational control of the
activity of components of onboard power-consuming subsystems and the electric generating complex of a
ship operated on inland waterways and in coastal navigation.

Design/methodology/approach: One of the possible ways to achieve this goal is to develop and then
implement a model technology and algorithms for situational control of the activity of components of
onboard power-consuming subsystems, as well as the electrical generating complex of the vessel as a
whole.

Findings: A modular technology and algorithms for situational control of the activity of components of
the ship's electric power system and the ship's electric generating complex as a whole have been
developed on the basis of a scenario approach.

Research limitations/implications: The results of the article serve as a starting point for research and
development in the field of intellectualization of control processes of power generating complexes of
inland and river-sea navigation vessels, including on the basis of machine learning.

Practical implications: Reduction of fuel consumption, reduction of equipment wear and the level of
influence of the "human factor™ on the processes of controlling the activity of components of the onboard
electric power system and the ship's electric generating complex, reduction of operating costs for the
maintenance of the ship and increase the level of navigation safety.

Originality/value: Situational management technology based on a scenario approach is really in demand;

its practical implementation can be expanded within the framework of a unified management system
based on appropriate cloud functionality and satellite technologies.

Keywords: cruise ship, management, power consumption, electricity distribution
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Huxeropoackuil rocyapcTBeHHbIN TexHUueckuil yausepeuteT uM. P.E. AnekceeBa

3agaua peKOHCTPYKIMHU PEYH HAa OCHOBE OE33BYYHOr0 CUTHANA B MOCJeIHEe BpeMs Obliia pelieHa ¢ HaulyqInMy
pe3yiapTaTaMM € IIPUMEHEHHUEM CKBO3HBIX TI'€HEpaTUBHBIX Mozened. CyllecTBEHHBIM  HENOCTaTKOM
UCTIOJIb30BaHUS JAHHBIX MOJEIEH, OJHAKO, OCTAETCs JIUTEIBHOCTh M HECTAOMIBHOCTh MX OOYYCHHS, C OJHOU
CTOPOHBI, KaK CIEJICTBUE CaMOH MPUPOABI COCTI3ATEIBHBIX MOJEJIEH M HENOJHOM CXOAUMOCTH IIpH
UCTIOJIB30BaHUM paccTOsSHUS Baccepiuraiina, v ¢ Ipyroi, Kak ClIeACTBHE CIOXHBIX (QpyHKIMA ommOku. B pabote
HPEJIOKEHBl AJITOPUTMBI 00yYeHUs], IO3BOJISIOIIME aJpecoBaTh JaHHbIE MPOOJIEeMbl 0OyueHHs - B YaCTHOCTH,
caMO-AUCTUJUISILIMS 3HAaHUM W METOJl OOHOBJICHHMSI C pa3/lelieHUEM BPEMEHHBIX IIKaJl OOY4EeHHs - a TakKkKe
IPOBEIEHO MX CpaBHEHHE. Pe3ynbTaThl SKCIEPUMEHTa IMOKa3bIBalOT, YTO 00a METoJa MO3BOJSIOT YIYYLIMThb
KAa4eCTBO CUHTE3MPYEMOIr0 CHTHaja B IIPUMEPHO PABHOM Mepe, OAHAKO NPUMEHEHHE Pa3JelIbHbIX BPEMEHHBIX
IIKaJl, BMEcTe C TeM, JA€T LIECTUKPATHBIM MPUPOCT B CKOPOCTH OOYYEHHs MOJEIU 10 CPAaBHEHHMIO C CaMo-
JTUCTUILISIIACH.

Knwouesvie cnoea: reHepaTUBHbIE MOJEIH, HEHMPOHHBIE CETH, NUCTWUIALMUSA 3HAHWH, aJrOpuUTMbl OOYy4eHHs,
OOHOBJIEHHE C pa3/IeJICHUEM BPEMEHHBIX IIIKaJl.

OPTIMISING THE QUALITY OF END-TO-END GENERATIVE
MODELS FOR THE TASK OF VISUAL SPEECH RECONSTRUCTION.
V.A. Golubenko, R.O. Barinov, V.E. Gai, G.D. Kuznetsov, I.A. Novikov
Nizhny Novgorod State Technical University n.a. R.E. Alekseev

Purpose: This work is aimed at increasing the quality and training stability of state-of-art neural networks for the
task of visual speech reconstruction based on the Wasserstein GAN architecture.
Design / methodology / approach: This paper proposes and compares a set of model training algorithms for
generative adversarial networks with complex cost functions. Namely, the paper investigates the effects of self-
distillation and two-time scale update rules on model convergence and general training speed. The experiment is
conducted on an architecture based on the state-of-the-art model proposed by R. Mira, K. Vougioukas, P. Ma, S.
Petridis, B. W. Schuller and M. Pantic.
Findings: The experiment shows that both methods allow the model to synthesise superior quality audio
compared to the base training algorithm, however the two-time scale update rule provides a six-times increase in
training speed compared to self-distillation while achieving roughly the same results.
Research limitations/implications: Research is limited to a specific subset of generative models and focuses on
applicability to models with complex cost functions. Nevertheless, the results obtained from the research could
be used to further develop and augment state-of-art models.
Originality/value: The value of the paper as a whole lies in verifying the applicability of training methods
previously proposed as potential solutions to various shortcomings of generative models and demonstrated on
relatively simple tasks to state-of-art architectures with demonstrably more complex cost functions. Additionally,
the proposed training algorithm can lead to vastly reduced model training time.
Keywords: generative models, neural networks, knowledge distillation, learning algorithms, two time-scale
update rule.
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Hwxeropoackuii rocygapCcTBeHHBIN TexHUYeckuil yauBepcutet uM. P.E. AnekceeBa

C no3unuit o01mei Teopun yrpaBieHHs IPOBEACH KpaTKuid aHaiuu3 3()()EeKTUBHOCTH YIpaBICHUS
opranu3aiMoHHbIMH  cuctemMamu  (YOC)cCOBpeMEHHOIr0  NpEANpUsATUs, MMEIOIIEro  IPOEKTHO-
TEXHOJIOTUYECKHUM XapakTep (YHKIMOHUPOBAHUS U CIOKHYIOMEPApXUUYECKYI0 CTPYKTypy. Ha ocHoBe
aHanuM3a ompeAeneHo oAHOo u3 y3kux MecT YOC —TpyIHOCTh TOJNYyYEHUS U TPAKTUYECKOTO
UCIOJIb30BaHUs MHGOPMAIIUU O TEKYIEH CUTYyalluu, €€ JMHAMHUKEH BO3MOXHOW KOPPEKIIMU Ha CTaIUsX
KU3HEHHOTO LUKJIA MPOSKTHPOBAHUSA-TIPOM3BOJICTBA MPOAYKTA JTUIAMHU, NMPUHUMAIOLUIMMH PELICHUs Ha
pPa3IMYHBIX YPOBHAX YIOPABIEHUS — OT PYKOBOAMTENS KOHKPETHOTO TPOEKTa 10 PYKOBOJIUTEIS
OpeanpusaTHs. JTO OOCTOSATENBCTBO OOYCIIOBIMBACT 3ala3/blBAHWE B MPHUHATUN PEIICHUHA WM K
NpUHATHIO c1a00 000CHOBAaHHBIX pemieHuil. s ycrpanenus storo Hepoctatka YOC moacuctemy
(dbopMupOBaHHS PE3yIbTATHON WHGOPMAIIMU TpeIaracTcsIpearn3oBaTh Ha OCHOBE HH(OPMAIMOHHO-
CEHCOPHOTO TMOJXO0Ja, a MMEHHO, C YYeTOM OCOOEHHOCTEHBOCHPUITUIOONBIINX JTAHHBIX)
pPYKOBOIUTENSIMH (B TOM UYHCIIE C YYETOM HX CEHCOPHBIX BO3MOXKHOCTEH) W XapakTepa HX
OpPraHMU3aIMOHHBIX YPOBHEH, a TAaKXkKe C y4ETOM 0COOEHHOCTEHOOBEKTa YIPABICHUS U €T0 YIPaBISEMBbIX
pecypcoB.llens — obecrnieueHre pyKOBOAUTENCH aKTyalbHON pe3yabTaTHON MHGOpMAIEeil,BO3MOKHOCTD
NPUHATHSL HAa €€ OCHOBE LIeJICHANPABICHHBIXPEIICHUH U, KaK CIEJICTBUE, MOBbIIICHUE d(PPEKTUBHOCTU
kak YOC, Tak 1 OU3HEC-TIPOLIECCOB BCETO MPEAPHUSATHS B LIETIOM.

Knrouesvie cnoea:opraHvsaloOHHas CHCTEMa,MHOTOYPOBHEBOE YIIPABJICHHUE, YEIOBEUYECKHIA
(baxTop, BocipusiTHE HHPOPMALIUU YEIOBEKOM, IPUHATHE PEIICHUN.

INFORMATION-SENSORY APPROACH TO THE MANAGEMENT
OF HIERARCHICAL ORGANIZATIONAL SYSTEMS
M. A. lvlev, D. E. Ryabov
Nizhny Novgorod state technical university. RE Alekseev

Purpose: give a brief analysis of the effectiveness of the management of organizational systems
(MOS) of a modern enterprise, on the basis of which to determine their bottleneck - the difficulty of
obtaining and practical use of resultant information about the current situation, its dynamics and possible
correction at the stages of the product design-production life cycle.

Design/methodology/approach:formation of resultant information based on the information-
sensory approach, namely, taking into account the peculiarities of the perception of "big data" by
managers (including their sensory capabilities) and the nature of their organizational levels, as well as
taking into account the characteristics of the management object and its managed resources.

Findings:one of the main directions in the development of MOS is the implementation of the
information-sensory principle of their construction, which ensures the formation of the resultant
information necessary for hierarchical levels of management.

Researchlimitations/implications:the implementation of the information-sensory approach
should not only adapt the content and form of the information resource to the cognitive characteristics of
enterprise managers, but also increase the efficiency and integrity of information transfer between levels
of hierarchical organizational systems.

Originality/value:the goal is to provide managers with up-to-date resultant information that
ensures the formalization of management, the adoption of targeted decisions and, as a resultant, an
increase in the efficiency of both the management system and the entire enterprise as a whole.

Key words:organizational system, multilevel management, human factor, human perception of
information, decision making.
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Huxeropoackuil rocyapcTBeHHbIN TexHUUeckuid yHuBepcuteT uM. P.E. AnekceeBa

Wnertudukanuy MpuiokeHU Ha OCHOBE CETeBOro Tpaduka MpH MOMOIIM TIyOOKOTO aHalu3a
[AKeTOB BJIEYET 3a COo00i mpoOsieMy, CBS3aHHYIO C HapylmIeHHEM KOH(HUACHIHMAIBHOCTH
MOJIb30BATEIbCKUX JAHHBIX U JEKOAMPOBAHUEM COAEPKHMOTO CETEBBIX JAaMIIOB JaHHBIX. B pabote
BKJIFOUCHBI 3371a4M MJICHTU(HUKAINY TPUIOKCHNS HA OCHOBE CETEBBIX JAHHBIX C IIOMOIIBIO MOMYIISPHBIX
MeTOAOB Kiaccudukanuu. B pabGore mpemnaraercs Mozaenb M alropuTMbl cOopa HHPOpPMAUU |
(dopMupOBaHUS TPU3HAKOBOTO OIMCAHUS CETEBOro Tpaduka, C IMOMOIIBI0 KOTOPOTO BBINOJHSACTCS
UACHTU(DUKAIMS CETEBBIX MPUIIOKEHUS C LEITbI0 MOBBIIICHUS TOYHOCTH KIACCH(PHUKAIMHA TPUIOKESHUH
NPOSIBIISIIOIINX CETEBYI0 aKTHUBHOCTh. [Ipemnaraercss kiaccMpUUIUpPOBATH CETEBbIE NPHIOKEHUS Ha
OCHOBE CTaTHCTUYECKHX METO/OB, C IIENbI0 YMEHBUICHUS 3aTPaT BBIYMCIUTEIBHBIX PEeCypcoB. Takxke
NPOBEJCH BBIYUCIUTEIBHBIH 3KCIIEPUMEHT, Pe3yJbTaThl KOTOPOTO IMOKA3aTeIH, YTO Ka4eCTBO CHUCTEMBI
KJIacCU()UKALMU CETEBBIX MPUJIOKEHUN COMOCTaBUMBI C IOKA3aTeNsIMH €€ aHaJIOroB. J(OTOIHUTENBHO
ONUCAaHBl JAIBHEWIINE TMEPCIEeKTUBBl Pa3sBUTHUS AITOPUTMOB C IEJIbI0  YCOBEPLICHCTBOBAHMS
JETEKTUPOBAHUS MTPHIIOKCHHIA.

Knwouesvie cnoea: Wnentudukanusi, ceTeBOW HamIil, CETEBOM Tpaduk, IEeKOIUPOBAHHE,
KIaccuukanus.

MODEL OF AUTOMATIC CLASSIFICATION OF NETWORK APPLICATIONS
G.D. Kuznetsov, V.E. Gai, R.O. Barinov, V.A. Golubenko, I.A. Novikov
Nizhny Novgorod State technical university n.a. R.E. Alekseev

Purpose: This work is aimed at exploring the possibilities of identifying applications based on network
traffic using various analysis methods, as well as developing models and methods for accurately
describing characteristics using a high degree of application identification in order to maximize detection.
Design / methodology / approach: The work is devoted to the discovery of applications based on
network data using various discovery methods. The paper presents a model and algorithms for collecting
information about identifying signs of data collection, with the help of which high identification of
applications is associated with the consideration of the problem of identifying applications of network
activity. A number of features are proposed that highlight the behavior of programs and their network
sessions, including: unique application name (used to identify the application object), TCP and UDP
transport protocol, source and destination port, remote host nameand its IP address, country of the remote
host, current time and time zone of the remote host,data packet size.
Findings: This article includes the tasks of identifying an application based on network data using
popular classification methods, and also proposes a model and algorithms for collecting information and
generating a feature description of network traffic, which is used to identify network applications in order
to improve the accuracy of application identification based on network analysis packages.
Research limitations/implications: Research is limited to the model and algorithms. Nevertheless, the
results obtained can be used in the future in systems for identifying network applications.
Originality/value: The value of the entire article is the proposed model and algorithms for collecting
information and generating a feature description of network traffic, which is used to identify network
applications in order to improve the accuracy of classifying applications that show network activity.

Key words: Identification, network dump, network traffic, decoding, classification.
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UHTEJUVIEKTYAJIBHOE IMPOITHO3UPOBAHHME ITPOBJEMHbBIX COCTOSSHUI
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HA OCHOBE NPOTHOCTUYECKHAX MOJIEJIEN BBIYUCJIEHUAM
C.A. ManuepoB
ORCID: 0000-0001-8458-8259e-mail: mca_9@nntu.ru
Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yausepeuteT uM. P.E. AnexceeBa

B pabore MPEIJI0KEHBITPOTHOCTUYECKUE MOJICITH BBEIUMCIICHUH, BKJTIOUAIOIIHC
ABTOPETPECUOHHBIC W aHCAaMOJIeBBIC MOJICTH MAIIMHHOTO OOY4YEHHs, ITO3BOJISIOININE OCYIIECTBIATh
MPOTHO3 TPOOJIEMHBIX COCTOSIHUM TEXHHUYECKHMX M TEXHOJOTUYECKUX OOBCKTOB I YIPABJICHUS
KaueCTBOM HX COCTOsSHUU. McciaenoBaHWe OCYIIECTBICHO Ha TNPAKTHYECKUX oOOBekTax. IIpoBenén
KOJINYECTBEHHbI W KAYECTBEHHBIM aHAJIN3 MPEII0KEHHBIX IMPOTHOCTUYECKUX MOJIEIICH BBIYMCICHUN C
LIEJIbIO ONpEJEICHUs] UX JOCTOMHCTB M HENOCTAaTKOB.PemieHne mNOCTaBIEHHBIX 3a7ad OCHOBAHO Ha
MPUMEHCHUHA TEOPUM CHUCTEMHOrO aHanu3a, oOpaboTKM W cHcTeMaTu3aluu WHGOpPMAIUU, TEOPHSIX
HEUETKHUX MHOXECTBU HEHPOHHBIX CETEH.

KiroueBble CJI0Ba:UHTEIUICKTYaJbHOE YIPABICHUE, TEXHUYECKHE U TEXHOJOTUYECKHE OOBEKTHI,
MIPOTHOCTUYECKHE MOJICIIA BHIYUCIICHHUH, TEXHUYECKOE COCTOSIHHE, MMPOOJIEMHOE COCTOSIHHE.

INTELLIGENT FORECASTING OF PROBLEM STATES OF TECHNICAL AND
TECHNOLOGICAL OBJECTS BASED ON PREDICTIVE COMPUTING MODELS
S.A. Mantserov

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

Purpose: Creation of predictive models of calculations and technologies for intelligent quality
management of the states of complex technical objects and technological processes.
Design / methodology / approach: The paper proposes predictive models of computing, including
autoregressive and ensemble models of machine learning, which make it possible to predict the problem
states of technical and technological objects for intelligent quality management.
Findings: A system of predictive computing models, including autoregressive and ensemble machine
learning models, adapted to solve the problems of ensuring the controllability and fault tolerance of the
states of complex technical objects and technological processes.
Research limitations/implications: The research is limited to the consideration of a number of predictive
computing models, including autoregressive and ensemble machine learning models, which is determined
by the purpose of the work and the objects under consideration. In the future, other calculation models
can be used to provide a forecast of the problematic states of technical and technological objects.
Originality/value: in contrast to the well-known approaches to quality management of the states of
technical and technological objects, which, as a rule, are not focused on the problem of accelerating
calculations, the proposed generalized scheme of intelligent quality management of the states of technical
and technological objects is based on predictive models of computing and technologies.

Key words: intelligent control, technical and technological objects, predictive models of
computing, technical condition, problem state.
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ABTOMATHBIE MOJIEJIX OBPABOTKH JIMATHOCTUHYECKON HH®OPMAIIAN
JA.C. MapTbIHOB
ORCID: 0009-0002-9562-2269 email: martynov-dmitriy@yandex.ru
Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yausepeuteT uM. P.E. AnexceeBa

3anava 00pabOTKH TaHHBIX MOHUTOPHHIA CHCTEMbI BO BPEMEHHOI IJIOCKOCTH CBOJIUTCS K 3a/1a4e
aHAJIN3a IOCIIEJOBATEIIbHOCTH KAYeCTBECHHBIX COCTOSHHMH. DTO IO3BOJISET NEPEHTH OT 3ahauyn aHajinu3a
HEIPEPBIBHBIX [0 BPEMEHH MPOLECCOB K 3aJlaue aHaIi3a JMHAMUKH Ha TUCKPETHO-COOBITHHHON MOZIEIH.
B pamkax Takoro mojaxoaa (GOpMHUPYIOTCS pa3MbITO€ MHOXKECTBO COCTOSIHUI CHCTEMBI U CBSI3€H MEXKIY
HUMH. DTO MHOXKECTBO HCIIOJIB3YETCs [UIsl TOCTPOCHHs 0a3bl 3HAHWN W MPaBHJI JIOTMYECKOTo BbIBOJA. B
paMKax pelleHHs 3aJauy IOCTPOSHA OHTOJIOTHYECKAsh MOJIEITb, UCIIOIB3YIOIIas HAaO0Op CBSI3aHHBIX MEKIY
co0OW JMarHOCTHYECKMX aBTOMATOB, IO3BOJIIOIIMX pEIIATh 3aJa4d [POTHO3MPOBAHHS JHHAMHUKH
COCTOSIHMM CHUCTEMBbI W BBIABJICHMS CKDBITBIX IPUYMH B IIpeasicTopuu. Mepapxudeckas aBTomaTHas
MOJIENIb COOTBETCTBYET MHOTOAr€HTHOM CHCTEME, IPUMEHIEMON B 33/1a4aX CUTYal[HOHHOTO yIpPaBIICHUS,
HO oOnamaer Oojee BBICOKOM THMOKOCTBIO M ajanTaluedl K HM3MEHSAIOIUMCS  YCIOBHUSIM
(YHKLIMOHMPOBAHUS TUAaTHOCTUPYEMOro 00beKkTa. B craThbe MmokazaHa OOLIHOCTH IOAXOJO0B MTOCTPOCHHS
HEePapXUUYECKUX TUATHOCTHYECKUX aBTOMATOB JIJIsl CIIOXKHBIX JMHAMUYECKUX CHCTEM.

Kniouegvie cnosa. nnarHoCTHYSCKHI aBTOMaT, OHTOJIOTHA, 0aza 3H3,HI/IfI, CHUCTCMBI JIOTHYCCKOI'O
BbIBO/JA.

Purpose: The article deals with the problem of building a hierarchical diagnostic model. The diagnostic
system is built as a system of interacting automata. The generality of approaches to constructing
diagnostic automata for diagnostic systems of different nature is shown
Design/methodology/approach: A discrete-event model of processes interacting within the system under
study is used. An ontology and an inference system are built on the basis of a discrete-event model.
Findings: The proposed discrete-event model of the process occurring in the system is used to build a
knowledge base and an inference system. The process running in the system is represented as a set of
interacting subprocesses. For each subprocess, a special diagnostic machine is built. The general
diagnostic machine is built as a hierarchy of special diagnostic machines. The software implementation of
the hierarchical diagnostic machine is a multi-agent system. The adaptation of a hierarchical diagnostic
automaton is reduced to the adaptation of individual specialized automata.
Research limitations/implications: This article is the starting point for further designing a hierarchical
diagnostic automaton and building a decision support system on its basis.
Originality/value: The use of ontologies and inference systems greatly simplifies the work of a person,
reduces the likelihood of making an erroneous decision. Knowledge-based systems use a common
interface to export and import information. Formalization of knowledge makes it possible to develop a
common format for building specialized open information systems.

Keywords: diagnostic machine, ontology, knowledge base, inference systems.
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CUCTEMBbI HOOJAEPXKKHU NPUHATHUSA PEHLIEHUSA B 3AJIAYAX MOHUTOPHUHI'A U

YIIPABJIEHU S
J.C. MapTbIHOB

ORCID: 0009-0002-9562-2269 email: martynov-dmitriy@yandex.ru
N.93. lllankuna

OCRID ID: 0009-0007-1279-2198 email: irinashapkina.03@inbox.ru
A.A. Komaposa

OCRID ID: 0009-0004-9117-6032 email: aa.komarova27@gmail.com

Huxeropoackuii rocygapcTBeHHbIN TexHuueckuil yausepeuteT uM. P.E. Anekceea

[Ipouiecc aBTOMATHU3MPOBAHHOIO YIPABJIEHUS JIOCTABKOM TIpy30B — 3TO CJIOXHas 3ajada ¢
OOJIBIIMM KOJIMYECTBOM IApaMETPOB U BBICOKOM CTENEHbIO HEOIPENEIIEHHOCTH, OOYyCIOBIEHHOM
U3MEHSIOIIMMUCA ~ JIOPO’KHBIMU ~ yCJIOBUSIMU.  lIcnosib30BaHuME — aNrOpUTMOB, OCHOBAaHHBIX  Ha
UCKYCCTBEHHBIX HEMPOHHBIX CETSX, MO3BOJIIET MHUHHUMHU3MPOBATb BPEMEHHBIC HM3JEPKKU B JIOCTaBKE
Ipy30B, BBIOpaTh JIydllHME€ CpPEACTBA W MAapIIPYThl JIOCTaBKU COOpPHBIX TPYy30B. Y3KHM MECTOM
JIOTUCTUYECKUX CHUCTEM SBJIIETCS CaMa TPaHCIIOPTHAs CETh, HUCIOJIb3yeMas Ul JOCTaBKU IPY30B
Pa3NIUYHBIMHM TPAHCIIOPTHBIMU KOMIIAHUSIMUA M YaCTHBIMH Tpy3onepeBo3unkaMu. COOp M aHanM3 JaHHBIX
O 3arpy3Ke TPaHCIOPTHOW CETH BENETCSA KPYNHBIMH PErMOHAIBHBIMU OIlIEpaTOpaMM M IEpPelaeTcsi B
MH(POPMAIMOHHBIE CETH IMyOIMYHOrO MOoCTyma. B craThe paccMaTpuBaIOTCS MOIXOABI K IOCTPOCHUIO
CUCTEMBl TOJACPKKUA IPHUHATHA PEIICHUS, NPEJHA3HAYCHHOM M1 MOHMTOPDHMHIAa M YIPAaBJICHUSA
IIpoLIecCaMU JIOCTaBKU IPY30B B paMKax TEPPUTOPHAIbHON TPAaHCIOPTHON KOMIIaHUU. BhInonHeH aHanu3
3aja4 00ecredeHus] LENOCTHOCTU JIaHHBIX, 3alUThl JAHHBIX OT HECAHKIHMOHUPOBAHHOI'O JOCTYyIa Ha
OCHOBE TEXHOJIOTMH paclpezeneHHoro peecrpa. llpencraBieH Habop anropuTMOB, NMpeAHA3HAUYEHHBIX
JUI PELLIEHUS TPAHCIIOPTHBIX 3a7jad B YCIOBHUAX HEONPEACIEHHOCTH.

Knrouegvie cnoea: pacupeelieHHbIE CUCTEMBI, PaCHpPECIICHHbIN peecTp, CUCTEMBI MOAAEPKKU
IIPUHSATHSI PEIICHNS, KOTHUTUBHBIE TEXHOJIOTUH.

DECISION SUPPORT SYSTEMS FOR MONITORING AND CONTROL
D.S. Martynov, |.E. Shapkin, A.A. Komarova
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The article discusses the requirements for a distributed system for managing transportation in
the face of uncertain traffic information. A method for coordinating the work of ground transport with
delivery systems using unmanned aerial vehicles is proposed.
Design/methodology/approach: A discrete-event model of the digital twin of a transport system using
ground and air transport is proposed. Methods for ensuring the integrity of data and protection of
transmitted information are considered. Models of distributed multiservice systems for combined cargo
delivery are presented.
Findings: The proposed discrete-event model allows you to control and manage a complex transport
network and the process of cargo transportation. The use of distributed registry technology provides a
solution to the problem of data protection when using open and public information systems. Distributed
multiservice information systems provide operational management of the process of cargo delivery in
conditions of uncertain information about the state of the transport network.
Research limitations/implications: This article is a starting point for further design of a decision support
system in the field of transport logistics.
Originality/value: The development of the transport infrastructure of the Russian Federation requires the
creation of an open information platform that allows coordinating the work of independent carriers. The
proposed model of interaction between ground and air transport will solve the problem of cargo delivery
in conditions of a poorly developed road network and in off-road conditions, including in the mountains.
The introduction of a distributed registry system in a distributed logistics system will reduce the risk of
attacks on the network infrastructure of a transport company.

Keywords: distributed systems, distributed registry, decision support systems, cognitive
technologies
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Huxeropoackuii rocynapcTBeHHbIN TeXHUYECKH yHHBepcuTeT uM. P.E. AnekceeBa

CoBpeMEHHBII «yMHBI» OHOHMYECKUH NPOTE3 — O3TO CJIOXKHBIMH NPOrpaMMHO-ANIapaTHINA
KOMIUIEKC, 00ecTeuynBaronfii B3auMoIeCTBHE YeJI0BeKa, NMEIOIIEro HEKOTopoe (hU3MUecKoe yBeube, C
oKpy»Katomien cpenoi. Takoe B3auMOJEHCTBUE pealiu3yeTcs B MOJACIIU YIPABJICHUS ¢ 0OPATHOU CBA3BIO.
HeiictBytomass B Poccuiickoit denepanus 3akoHOIaTeIbHas 0a3a 3amperiaeT B)KUBJICHHE JTaTYHMKOB
HETMOCPEJCTBEHHO B TEJO YEJNOBEKa. DTO OTrpaHUYCHHE OOYCIIABIMBAET HCIIOJIB30BAHHE PA3ITHMUHBIX
HEMHBA3MBHBIX  HHTEp(eicoB, MO3BOJISFOIINAX CUUTHIBATh OHOAJIEKTPUYECKUE CUTHAJIbL,
COOTBETCTBYIOIIME CUTHAJIaM B HEPBHOM CHUCTEME YEJOBEKA, HA3bIBAEMBIX JBUTATENIbHBIM IMATTEPHAM.
OnHoit M3 (QYHKIMNA TakuX WUHTEPPEHCOB SBISETCA peain3alids OOpaTHON CBS3HM, COOTBETCTBYIOIICH
MOJIENIM OIIYIICHHS YEJIOBEKOM TpoIlecca B3aUMOJCHCTBUS C OKpyXamomei cpemoil. Yacte GyHKuui
TaKoro ONIYIIEHUS OT B3aMMOJICHCTBHS peaTu3yeT cama CUCTeMa YIpaBlieHUs OMOHUYECKUM MPOLIECCOM,
YTO 0OECTIeUnBaET OOIIee MOBBIIIEHNE HAZIEKHOCTU U OBICTPOACHCTBUS PabOThI YCTPOUCTBA.

B pabote paccmoTpeHa aBTOMaTHas MOJETb YIPABICHUS «YMHBIM» OMOHUYECKHM IMPOTE30M.
[IpuBeneHa CTpyKTypHass cXeMa YCTpPONCTBA, pEAIM3YIOLIEro JAHHYH0 aBTOMATHYK) MOJEINb.
[IpencraBiena moimaroBas cxeMa aJaNTUBHOTO YINPAaBJICHHs y3J1aMH YMHOTO OMOHHYECKOTO MpOoTe3a.
[IpennoxkeH MoaxoA K MCHOJB30BAHUIO JBUIATEIbHOIO NATTEpHA B KauecTBEe IIa0JioHa JUIsl CHHTE3a
KOMaH/ JIJIsl 5JIEMEHTOB U y3JI0B OMOHMYECKOT0 MPOTe3a.

Kniwueevle cnoea: MyIbTHCEPBUCHBIE CHUCTEMbI, MHKPOCEPBUCHI, KOHEYHBIA aBTOMAT,
aBTOMAaTHBIE MOJICNU YIIPABJICHUS, JUCKPETHO-COOBITUIHHAS MOJIENb, UHTETPUPOBAHHBIE CUCTEMBI.

AUTOMATIC MODELS OF BIONIC PROSTHESIS CONTROL
D.S. Martynov, T.A. Dudkin, M.D. Yashnov
Nizhny Novgorod State Technical University n.a. R.E. Alekseev

Purpose: The paper considers an automaton control model for a "smart" bionic prosthesis. A step-by-step
scheme of adaptive control of the nodes of a smart bionic prosthesis is presented.
Design/methodology/approach: An adaptive model for controlling the nodes of a bionic process based
on an automatic control model is proposed. A step-by-step process of controlling the nodes of a bionic
prosthesis and the corresponding model of the final atom are considered.
Findings: A block diagram of a device for adaptive control of the nodes of a bionic process using an atom
model is proposed. A discrete-event model of the adaptive process of command execution has been
compiled. Decomposition of basic motional patterns is performed. Non-invasive interfaces of interaction
between a person and a prosthesis control system are considered.
Research limitations/implications: This article is the starting point for further research on the problem
of synthesizing an adaptive automaton control model for a smart bionic process.
Originality/value: A bionic prosthesis control system based on the proposed automaton model will allow
people to conveniently interact with the environment. The use of a discrete-event model corresponding to
a motor pattern makes it possible to use an automaton model to control prosthetic arms and legs. Smart
bionic prostheses with a feedback interface will allow people who have lost their limbs to return to a full
life.

Keywords: multiservice systems, microservices, finite state machine, automatic control models,
discrete event model, integrated systems.
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Huxeropoackuil rocyaapCTBeHHbIN TeXHUYECKUi yHUBepcuTeT uM. P.E. AnekceeBa

B HaHHOﬁ CTaTbC NpeCAjIaracTcsa B Ka4C€CTBC aJIbTCPHATHBBI KIIACCUYCCKOI'0 IOAX04a UCII0JIb30BaTh
MOHATHUE KUZHEHHOTO IUKIa cueHapus padotsl AC. CreHapuii pabOThl aBTOMaTU3UPOBAHHON CHCTEMBI
3TO IIOCJICAOBATCIBHOCTDH CO6BITPII>1, OXBAYCHHBIX IHPUYNHHO-CICACTBCHHBIMU  CBA3SAMMU. On
BU3YAJIM3UPYETCs, KaK MPaBUiIo, MoAensiMu B popme rpada. COOBITHSIM COOTBETCTBYIOT BEPIIMHEI Ipada.
HpI/I‘{I/IHHO-CJ'IeI[CTBeHHBIM CBsA35M COOTBCTCTBYIOT pe6pa.

Cuenapuii pa®OThl aBTOMaTHU3UPOBAHHON CHUCTEMBI SIBIIETCS MOJEINbIO, abcTpakiued. Takum
O6p8_30M, noaacpIKKa CHoCHapusd B TCUCHHUC €ro XHN3HCHHOI'0O IHUKJIa KAa4YCCTBCHHO OTINYACTCA OT
MOAACPIKKHU 3JICMCHTOB ITPOrpaMMHO-AIIIIAPpAaTHOTO KOMIIJICKCA, B KOTOPOM IMOAACPKUBAIOTCS PCAJIbHBIC
IMOACHUCTEMBI IMPOI'PaMMHO-AIIIIaPaTHOIO0 KOMIIJICKCA. PaCCMOTpeHI/Ie B KaUCCTBC Kay3aJIbHOI'O (baKTopa
ycrexa paboTbl aBTOMAaTU3MPOBAaHHOW CHUCTEMbI aOCTPAKTHOrO OOBEKTa — CLEHApUS PpEeLICHUs
IIporpaMMHO-aIlIIapaTHbIM KOMIIJIEKCOM THIIOBOH 3aa4yu B Hpe,[[MeTHofI 00JIaCTH  ITO3BOJIMIIO
paccMarpuBatrh >Ku3HEeHHBbIN 1K1 AC ¢ MO3ULKNA, KOTOPBIE OTIMBAIOTCS OT KJIACCHMYECKOro MOJAXO0/a
INOAACPIKKK  3JICMCHTOB  IIPOTPAMMHO-AIIIIAPATHOIO  KOMILJICKCA. Ocoboe BHHMaHUE YACIACTCA
MHCTPYMEHTApUSAM KOHCTPYHpOBaHUs cleHapus. ONUCHIBAIOTCS HHCTPYMEHTApUU MOJAEPKKHU Mpoliecca
KOHCTPYUPOBAHUA CLHECHAPUA HU3 3JICMCHTOB IMOPOXAAOMICTO CLHCHAPUU MHOKCECTBA CO6BITHﬁ, IIoaxod K
BBIOOPY COOBITHS W3 MHOXXECTBA albTepHATHB. PaccMaTpuBarOTCS WMHCTPYMEHTapUU KOHTPOJIS
KOPPCKTHOCTH I/IH(i)OpMaI_II/IOHHOFO oOMeHa MCKIY COOBITHIMH CIICHApu:: KOHICIITyaJlIbHasA MOACIIb SgJApa
WH()OPMAIMOHHOTO O0ECTICUeHUsT KOHTPOJS IO JAHHBIM W alTOPUTM. VI3JI0XKEHHE HIUTFOCTPUPYETCS
MIPUMEPOM.

Knrouesvie cnosa: IMPOCKTUPOBAHUC, CHeHapI/If/'I, MOAACPIKKA KU3HCHHOI'O MIUKJIA, KOHTPOJIb
KOPPECKTHOCTU oOMeHa JaHHBIMMU.

LIFE CYCLE AND TOOLS FOR DESIGNING AND IMPLEMENTING A TYPICAL
SCENARIO IN AN AUTOMATED SYSTEM
V.P. Khranilov, P.V. Misevich, E.N. Pankratova, P.S. Kulyasov
Nizhny Novgorod state technical university n. a. R.E. Alekseev

The paper proposesusing concept the life cycle concept for the operation scenario in an automated
system. The proposed method is alternative to the classical approach. The scenario of an automated
system operation is a set of events and cause-and-effect relationships among the elements. The scenario is
represented, as a rule, by the models of a graph or adjacency and incidence matrices. The set of events
maps in the set of vertices of the graph. The set of relations maps in the set of the graph edges.

Note that the scenario of the automated system is a model, an abstraction. Thus, the support of the
operation script during its life cycle is qualitatively different from the support of the hardware elements or
software modules in an automated system.

The article addressesthe life cycle concept in relation to the scenario of the operation of an
automated system in a subject area. It is shown that the support of scenario is a causal factor of the
success of using an automated system in its subject This approach differs from the classical one because
the traditional concept of the life cycle is applied to software and hardware complexes. The article focuses
on the scenario design tools. The tools are used for supporting the process of developing a scenario from
the elements of the set of events. An approach to choosing an event from a set of alternatives is also
described. An example of the application of this algorithm is considered in this paper.

Keywords: design, scenario, life cycle support, data exchange correctness control.
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Huxeropoackuil rocyaapCTBeHHbIN TeXHUYECKUi yHUBepcuTeT uM. P.E. AnekceeBa

Jokian mocBsiiieH pa3paboTke MOJeNn BbIOOpa Iisi MOOMIIBHOTO TapkeTa. MicXoaqHbIMU JaHHBIMU
JUIS WCCIEMOBaHUS CTAIM TEXHUYECKHE IMapaMeTphl Pa3IMYHBIX MOJENeld MOOWIBHBIX Ta/KETOB,
XapaKTePUCTHKU, PEUTUHTHM YCTPOWMCTB, a TaKKe CHCTEMaTU3UpPOBaHHbIE U (PopMau30BaHHBIE
MOTPEOUTENBCKUE 3alpPOChl Pa3HBIX Tpymm motpeduteneii. C UCHOIB30BAaHUEM DPA3IMYHBIX METOJIOB
MHOTOKPUTEPUAIBHOTO BBIOOpA OMNpENENSIIOTCs pacuéTHble (OPMYIbl, HOPMUPOBKH IapaMeTpOB,
MIOCTPOEHBI CBOJHBIC CPaBHUTEIbHBIE TaOJMUIBI, AMArpaMMbl M pacueTHble Mojenu. [lomydeHHbIC
rpaduKy MO3BOJSIOT MPOrHO3UPOBATh 3HAUYCHUS KPUTHUYECKHX MapaMeTpOB raJKeTOB B MEPCIEKTUBE, a
TaKke HAOMI0/IaTh CTENEeHb COOTBETCTBUS  TEXHUYECKUX XapaKTEPUCTUK MOOUIIBHBIX YCTPOWCTB C
3arnpocaMu MoTpedouTenei.

Knrouesvie cnosa: monenb MHOTOKPHUTEPUANIBHOTO BBIOOpa, MOTPEOUTENHCKUE MapameTphl,
TEXHUYECKHE XapaKTCPUCTHKH, BEKTOPHAS MOJCIh, HOPMUPYIOMIas (yHKIUS, BECOBbIE KOIPDHUIIUCHTEHI,
[IEHOBBIE TApaMeTPbl, PYHKIIHS MPOTHO3a, TaJHKET, cMapT(hOH.

IDENTIFICATION OF MOBILE GADGET SELECTION MODEL
BY TECHNICAL AND CONSUMER CHARACTERISTICS

S.V. Ponomarenko, V.P. Khranilov
Nizhny Novgorod state technical university n. a. R.E. Alekseev

The report is devoted to the development of a choice model for a mobile gadget. The initial data
for the study were the technical parameters of various models of mobile gadgets, characteristics, ratings
of devices, as well as systematized and formalized consumer requests from different consumer groups.
Using various methods of multi-criteria selection, calculation formulas, parameter normalizations are
determined, summary comparative tables, diagrams and calculation models are built. The resulting graphs
allow predicting the values of critical parameters of gadgets in the future, as well as observing the degree
of compliance of the technical characteristics of mobile devices with consumer requests.

Keywords: multicriteria choice model, consumer parameters, technical characteristics, vector
model, normalizing function, weight coefficients, price parameters, forecast function, gadget, smartphone.
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YK 81.374 . .
JUHAMMUKA OINPEJEJEHUU HAYYHBIX ITIOHATUU
(HA MATEPHUAJIE TEPMUHOB ®UJIOCOPUN)

A.B. CunesieBa
ORCID: 0000-0001-9926-9760 e-mail: sinstasi@mail.ru

Huxeropoackuii rocynapcrBenHblil yausepcureT um. H.W. JlobaueBckoro

B craree mpexacTaBieH ONBIT HCIOJIB30BaHHS (HPEWMOBOIO MpEACTaBICHUS HH(OpMAIUK MpU
aHaJIN3€ COACpXKAHMs CIIOBapHBIX CTaT€l B TEPMHUHOJIOTMYECKHX CJIOBapsX C LENbI BBIBJICHHUSA
JMHAMUKU TOHATUH. DpeiMOBBII METOM, MOJO0KEHHBIA B OCHOBY pa3pabOTKH MCKYCCTBEHHOTO S3bIKA,
ABJISICTCA JIOCTATOYHO AS(P(PEKTUBHBIM IPU PELIEHUH 33Jad JIOIMKO-CEMAaHTHYECKOTO MOJEIUPOBAHMS
€CTECTBEHHOIO A3bIKa. B paMKax 3a1a4 JaHHOIO MCCIEAOBAHUA OH IO3BOJISET IIPEICTABUTh COACPKAHUE
Hay4YHbIX MOHATUH B (OPMAIM3OBAHHOM BHUJE U1 aHAIM3a CMBICIOBOIO HAIOJIHEHUS TEPMUHOB B
JUaXpPOHUYECKOM aCIEKTE.

Knroueevie cnoga: nnaxpoHNYECKUH MPOLECC, TOTUKO-CMBICIIOBBIE ACIIEKTBI, COAEPKAHUE TIOHATHSA,
CYIIECTBEHHBIN MPU3HAK, 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.
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YK 004.94
INPUMEHEHHUE TEXHOJIOTYU I'PA®OBBIX BA3 JTAHHBIX 111 CBOPKHA
MHOI'OKOMIIOHEHTHBIX CUCTEM

H.M. I[IBeTKOB

ORCID: 0000-0002-9739-8742 e-mail: nmcvetkov@yandex.ru
I1.C. Kyasico

ORCID: 0000-0001-7793-2891 e-mail: p.kulyasov@gmail.com

Huxeropoackuii rocyiapcTBeHHbIN TexHUUYeCKuil yHuBepcutet uM. P.E. Anekceesa

Muorokomnonentuoie cucreMbl (MKC) mpeacraBnsior coOOW CIIOXKHBIE MHOTOYPOBHEBbBIC
CTpYKTYpbl. XpaHenue uHpopmanuu o komrnoHeHTHOM coctaBe MKC B Buae Tabiuil KiIacCHUYECKUX
(pensIMOHHBIX) 0a3 JaHHBIX XapaKTEPU3YETCsS BBICOKOM TPYAOEMKOCTBIO pa0OThI C STUMHU JAaHHBIMHU.
Takum 00pa3om, MOXKHO cJenaTh BBIBOA O TOM, YTO OTCYTCTBYET YIOOHBI HMHCTpYMEHTapuul aiis
XpaHeHuss u 00paboTku wuHpopManuu o koMmmoHeHTHOM coctaBe MKC. Apropamu npeanaraercs
TEXHOJOTHsI COOPKM MHOTOKOMIIOHEHTHBIX CHCTEM, OCHOBaHHAas Ha BBIACICHHM M3 HMX COCTaBa
CTPYKTYPHBIX €IUHUI], KOTOPbIE B JAbHEHIIEM MOTYT OBITh HCIIOJIB30BAaHBI JIJIsi COOPKH HOBBIX JTHOO
pexonpurypupoBanusi cymectBytomux MKC, mpencraBienun ux B BHAE TpadoBBIX CTPYKTYp H
(dbopMupoBaHuU U3 HUX rpadoBoil Oa3bl JaHHBIX, MPUMEHIEMON IS UX XpaHeHHs U 00paboTku. JlaHHbIE
CTPYKTYpHbIE €OUHHIBI OyIyT BKJIIOYaTh B ceOs LIEHTPAJIbHBIII KOMIIOHEHT, B Kaue€CTBE KOTOPOIO
BoicTynaet ueMeHT MKC, u comnpspkeHHbIE ¢ HUM MO COOTBETCTBYIOIIUM HMHTEp(eiicaM KOMIIOHEHTHI,
oTpaxkaroiue Tpedyembie KaJpoBble U MaTepuaibHble (JTUOO MaTepHallbHO-TEXHUYECKUE) PECYPCHI.

Knrwoueevle cnosa: KOMIIOHEHTHBIN TIOIXOJA, MHOTOKOMIIOHEHTHasi cucrtema, rpadoBas 0aza
JAHHBIX.

APPLICATION OF GRAPH DATABASE TECHNOLOGY FOR MULTICOMPONENT
SYSTEMS ASSEMBLING
N.M. Tsvetkov, P.S. Kulyasov
Nizhny Novgorod State Technical University n. a. R.E. Alekseev

Purpose: This article proposes a technology for assembling multicomponent systems (MCS)
based on the selection of structural units from their composition, which can later be used to assemble new
or reconfigure existing MCS, present them in the form of graph structures and forming a graph database
which can be used for processing and storing them.

Design / methodology / approach: An approach is proposed based on the transition from a
component representation of the MCS to a representation in the form of graph structures of a certain type
(structural units in the form of triples of components conjugated by corresponding interfaces — an element
of the MCS and the required personnel and logistical resources, representing complete autonomous
objects that can be used to build new MCS), for storage and processing of data about which graph
databases can be used.

Findings: The technology of assembling multicomponent systems is proposed, based on the
representation of the MCS structural units in the form of graph structures and the formation of a graph
database from them, which allows to reduce the cost of resources for storing and processing (including
the search for the required structural units when assembling the MCS) of data on the MCS component
composition, as well as simplify work with them from the point of view of perception (due to the clarity
of the presentation).

Research limitations/implications: As possible areas of application of the proposed approach,
multicomponent systems can act, which include components describing personnel and logistical
resources, for example, e-learning systems or information and logistics systems.

Originality/value: The originality of the article lies in the proposed approach based on the use of
graph databases for storing and processing information about the component composition of the ISS. The
technology proposed by the authors can be used in a number of organizations, such as, for example,
educational organizations that form network educational programs.

Keywords: component approach, multicomponent system, graph database.
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MOAUPUKALUA CTETAHOI'PAOUYECKOI'O METOJA KBAHTOBAHUSA
N30BbPAKEHUSA JJIAA YBEJIMYEHUSA OBbEMA BCTPAUBAEMOI'O COOBLHIEHUSA
A.Jl.bejioB
ORCID: 0000-0003-3845-2320e-mail: anton98belov@mail.ru
B.1O.Kapnbiues
ORCID: 0000-0001-8527-2600e-mail: kavlyr@yandex.ru

Huxeropoackuil rocyaapCTBeHHbIN TeXHUYECKUi yHUBepcuTeT uM. P.E. AnekceeBa

B paborte mnpemiokeH anroputM MOAU(DUKAIUN CTEraHOrpauYeckoro MeToJa KBaHTOBAHUS
n300pakeHusi, ocHoBaHHbI Ha MeTozae cxatust CCITTGroup 3, KOTOpBIN Tak)Ke MOXKET MPUMEHSATHCS K
psany creraHorpaHUueKux METOJOB, MEHSIOIUX OalThl mHKceneld wu3oOpakeHus. [IpensiokeHHBIH
AJITOPUTM TO3BOJISIET YBEIMUUTH MAKCUMAIIBHBIA pa3Mep BCTPANBAaEMOTr0 COOOLICHHS

Knroueewie cnosa: creranorpadus, cxxarue, CCITTGroup 3,kBanToOBaHNE N300PKESHUS

MODIFICATION OF THE STEGANOGRAPHIC IMAGE QUANTIZATION METHOD TO
INCREASE THE VOLUME OF THE HIDDEN MESSAGE

A.D.Belov, V.Y. Karpychev
Nizhny Novgorod State technical university n.a. R.E. Alekseev

Purpose: The author proposes an algorithm for modifying image quantization to increase the volume of
the hidden message

Design/methodology/approach: To achieve the goal, author suggests using the methods of the CCITT
Group 3 message compression algorithm. The modified algorithm assumes several iterations of message
compression by the chosen method to find the most optimal number of compressions

Findings: A new algorithm of image quantization modification is proposed to increase the volume of the
hidden message. The developed algorithm can also be applied to a number of steganographic methods
that change the bytes of image pixels.

Research limitations/implications: This algorithm is most effectively used when hiding messages
consisting of substrings with approximately equal length after one or more compression iterations. In the
future, the proposed algorithm can be modified to hide messages consisting of substrings those have
different lengths after a large number of compression iterations.

Originality/value: This method, based on the proposed architecture, can be applied in spheres where it is
necessary to secretly transmit or store large messages in the smallest container file, for example, in
subscribers’ communications.

Keywords: steganography, compression, CCITT Group 3, image quantization
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OIIEHKA YPOBHSI HH®OPMAIIMOHHOM BE3ONMACHOCTH
KUBEPOU3INYECKHUX CUCTEM

B.B. ]3y3015ep;1l
ORCID: 0009-0002-5264-5196 e-mail: vasily.buzoverya@yandex.ru
B.IL Xpa}mnma.l
ORCID: 0000-0003-1317-5320 e-mail: hranilov@nntu.ru

0.M. Kupogckwuii’
ORCID: 0009-0004-0785-0662 e-mail: oleg.kirovskii@gmail.com
A.C. Koponé32
ORCID: 0000-0001-8305-6066 e-mail: korolev@mirea.ru

1HI/DKGI‘OpO£[CKI/II71 roCy/lapCTBEHHbIN TeXHU4Yeckuil ynusepcureT um. P. E. Anekceea
MUPIA — PoccrifcKuil TeXHOIOTHYECKH i YHUBEPCUTET

[lpu pazpabotke KkuOep-PU3NYIECKUX CHUCTEM MPUXOAUTCS YUUTHIBATH TPEOOBAaHHUS Kak
MH(POPMALMOHHOM, TaK ¥ (HYHKIIMOHATBFHON 0€30MacHOCTH. JTH JiBa aCleKTa HHKEHEPHH OE€30MaCHOCTH
paccMaTpuBalOT OMACHOCTH PA3HOTO MPOUCXOXKICHHS, HO IIPUMEHSIEMBIE TP 3TOM MEpBI 3alUThI YacTO
coBnajaoT. HecMoTps Ha 3T0, B HACTOSIIIEE BPEMs OTCYTCTBYET YCTOSIBIIIAsiCS METOMOJIOTHS pa3paboTKu
CHCTEM, KOTOpas MO3BOJIsUIa OBl YYUTHIBATH 00a THX acCHeKTa OJHOBPEMEHHO, MCHOJIB3YS MX oOmme
YepThl, YTO 3aTPYyJHSET CJIEIOBAHUE JYYIIUM IPAKTHUKAM IOCTPOEHMsI O€30MacHbIX cUCTeM. B naHHOMN
paboTe /ienaeTcs MonbITKa pacCMOTPETh 3Ty MPOOJIEeMy M ONPEICIUTh BO3MOXKHBIC HAIIPABIICHUS TIOUCKA
e¢ pemeHus. B mokmane mpemioKeH METO] OLEHKH J10Ka3aTesbCTBAa 0€30MacHOCTH M 3aIlUIIEHHOCTH
CHCTEMBl TIPH TIOMOIIM BEPOSTHOCTHBIX Mojenei. JlaHHBIH MeToq MO3BONISET OOBEAWHHUTH
NpeuMylieCTBa «TPAJUIHUOHHBIX» JOKa3aTCJIbLCTB 6€3OHaCHOCTI/I, OCHOBAHHBIX Ha CTaHAapTax u
CO371aBaEMbIX Ha JTare pa3padOTKH CHCTEMbI, C BO3MOXKHOCTBHIO y4YEeCTh JaHHBIE O OE30MacHOCTH M
MHIMJICHTAX B IEPHUO/I IKCILTyaTaIlHH.

Knwuesoie ciuoea: KI/I6ep'(1)I/I3I/I‘IeCKI/Ie CHUCTCMBI, Q)YHKHI/IOHaHBHaH 0€30I1aCHOCTD
PIH(bOpMaI_II/IOHHaH 6630H3.CHOCTB, IMPOCKTUPOBAHHUEC CHUCTCM, JCKOMIIO3HUIIUA CHUCTCM, PpPa3aACIICHUC
IporpaMmMHOro obecreyeHusl.

ASSESSMENT OF THE LEVEL OF INFORMATION SECURITY
OF CYBER-PHYSICAL SYSTEMS

V.V. Buzoverya!, V.P. Khranilov?, O.M. Kirovskii?, A.S. Korolev?
Nizhny Novgorod State Technical University n. a. R.E. Alekseev
2MIREA — Russian Technological University, Moscow

When developing cyber-physical systems, it is necessary to take into account the requirements of
both information and functional security. These two aspects of safety engineering consider hazards of
different origins, but the protective measures applied are often the same. Despite this, there is currently
no well-established system development methodology that would allow taking into account both of these
aspects at the same time, using their common features, which makes it difficult to follow the best
practices for building secure systems. This paper The report proposed to consider this problem and
identify possible directions for finding its solution. This report presents a method for assessment of safety
and security of information system via probabilistic modelling. The method enables the analyst to gain
most from both worlds: “traditional” safety and security cases created during system development as well
as observations of system behaviour during its operation.

Keywords: cyber-physical systems, functional safety, information security, system design, system
decomposition, software partitioning
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VIK 519.8
METAPBPUCTHYECKHUE AJITOPUTMBI CUHTE3A BUHABHAUYEHU
N.B. I'yces
ORCID: 0000-0003-3092-6931 e-mail: goshan199815@yandex.ru
10.C. ®enocenko
ORCID: 0000-0002-9434-4386 e-mail: fds1707@mail.ru

Bomxckuii rocyapCTBEHHBIM YHUBEPCUTET BOJIHOIO TPAHCIIOPTA

B pamkax maremaTHueckoil Mojenu OMHAa3HAYEHUH, 0000MIAroImIel KIACCHUECKYIO MOCTaHOBKY
pacnpeneneHns TUCKPETHBIX PECYPCOB MEXY HCIOJHHUTENSIMHM, PAaCCMaTPUBACTCS ONTUMU3ALIMOHHAS
3aa4ya C MHUHHUMAKCHBIM KpPUTCPUCM. MOI[GJIL aICKBATHO OIIMCbhIBACT 0C06€HHOCTI/I YIIpaBJICHUA
BOJAHOTPAHCIIOPTHBIM M SKCKYPCHOHHBIM OOCIIy>)KMBaHMEM HACEJICHHUS B TpaHUIAX TEPPUTOPHIA
TOPOJICKUX W PETHOHANBHBIX ariioMepanui, a Takke QopMalIn3yeT HEpPEAKO BCTPEUAlONIHecs B
MIPOU3BOJCTBEHHO-TPAHCIIOPTHOM JIOTUCTUKE CXEMBbl pacnpeleneHuss pecypcoB. B cuiny cBoiicTBa
TPYIHOPEIIAEMOCTA ONTUMM3AIMOHHON 3a7auv M HEnmpHemyieMO OOJIBIIOIO0 BPEMEHHOI0 pecypca,
TpeOyromierocst A CUHTEe3a ONTHMAaJbHBIX OWHA3HAYEHWH Jdake NpU OTHOCUTEIBHO HEOONbIINX
pPa3sMEpPHOCTAX MOJENHU, a TAKKE CYIIECTBEHHOM €€ MNPaKTHUYECKOM 3HAYUMOCTH IS peallv3alvd B
MPEAMETHO OPUEHTUPOBAHHBIX CHUCTEMAX MOAJACPKKU MPUHATHUS PELICHUW, B CTaTh€ KOHCTPYHUPYHOTCS
AJITOPUTMBI HpI/I6JII/I)KeHHOFO CHHTEC3a OHTI/IMI/IBaHI/IOHHOﬁ 3ala4i, OCHOBAHHBIC Ha MCTA3BPHCTUYCCKUX
KoHenusax. [IpuBoasTcst mpuMepsl cuHTe3a OMHA3HAYCHUM U Pe3yNIbTaThl MACCOBBIX BBIYMCIUTENbHBIX
OKCIICPUMCHTOB, BBIIIOJIHCHHBIC JIA MOJYUCHUA YCPCAHCHHBLIX OLCHOK BPCMCHHLIX 3aTpar, Tp€6y€MBIX
JUIS OTPaOOTKH METa’BPUCTUYECKUX AJITOPUTMOB CUHTE3a CYOONITUMANIbHBIX OMHA3HAYCHUIA.

Kniouesvie cnosa: 6GunazHaueHue, JOrMCTUKA, UCCIEIOBAaHUE ONEpalluii, METadBPUCTUKHU

METAHEURISTIC ALGORITHMS FOR SYNTHESIS OF BI-ASSIGNMENT

I.V. Gusev, Yu.S. Fedosenko
\olga State University of Water Transport

Purpose: The purpose of this article is to develop algorithms for the synthesis of binary assignments
within the framework of a generalization of the classical formulation of the distribution of discrete
resources between executors of an optimization problem with a minimax criterion.
Design/methodology/approach: The development of decision algorithms based on metaheuristic
concepts. Their temporal characteristics are estimated based on the results of mass computational
experiments.

Findings: A family of algorithms for the synthesis of suboptimal binarizations based on the metaheuristic
concepts of the ant colony, the genetic paradigm, and taboo search has been developed. For all the listed
algorithms, estimates of the time of their development for practically significant values of the model
dimensions are obtained.

Research limitations/implications: The results of the article will make it possible to develop the
metaheuristic implementation schemes developed in it for modified models in relation to the specific
specifics of applied problems, including those requiring a multi-criteria statement.

Practical implications: Reducing costs when using resources through their more efficient distribution,
including, for example, unproductive downtime of equipment, as well as reducing the level of influence of
the "human factor” on the processes of distribution and management of the use of resources.
Originality/value: Algorithms for synthesizing binary assignments for practically significant dimensions
of the generalized problem of distributing discrete resources are in demand; their implementation in
decision support systems can be expanded within the framework of management systems for transport
and excursion services for the population for island agglomerations, including based on appropriate cloud
functionality and telecommunication technologies.

Keywords: bi-assignment, logistics, operational management, metaheuristics
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PA3PABOTKA CUCTEMBI
SAHIMIIEHHOI'O JOKYMEHTOOBOPOTA
ML.A. lyoxkoBa
ORCID: 0000-0003-3502-817X e-mail: du.maril999@gmail.com
O.I1. TumogeeBa
ORCID: 0000-0002-1935-7697 e-mail: optimofeeva@mail.ru
Huxeropoackuil rocyaapCTBeHHbIN TexHuYeckuil yausepcutet uM. P.E. AnekceeBa

B crarbe mpencraBieHsl IpoLECC M pe3yNbTaThl  pa3pabOTKM  CHUCTEMbI  3alllUIIEHHOIO
JOKYMEHTO000pOTa, peann3oBaHHOW ¢ momousio low-code mmardopmer Eftech.Factory. Cucrema
BKJIIOYA€T B Ce0s HECKOJIBKO MOJYNEH, pealu3ylolluX alropuTMbl MMUGPOBaHUS HH(GOPMALUH.
PazpabotanHyio cucTeMy MOXHO HCIOJB30BATh IS aBTOMATU3ALMH Ipolecca nepenadn nH(popMaum
MEX]y 0JIb30BaTEISIMU, ABIISIOIIMMUCS MPEICTABUTEISIMU PA3JIMYHbIX opranu3anuil. Cucrema BKIHOYaeT
B ce0s1 paboTy ¢ MOIBb30BATENSAIMHU, OPTaHU3ALUAMHI U Tiepeady 3amuppoOBaHHBIX JAHHBIX MEXy HUMHU.
Jlns Ge3omacHO nepesadn JaHHBIX MEXAY MOJIb30BaTeIsIMU OblI BbIOpaH anroputM mudposanus DES,
a g oOMeHa kmoyamMu — RSA. ApXxuTekTypa CHUCTEMBI MO3BOJHUT BHEAPSTH HOBBIC alTOPUTMBI,
JIOKAJIbHO BBINOJHATh OOHOBJIEHMS, a TaKXKEe HCIIOJIb30BaThb CUCTEMY JUIl HEOIPAaHMUYEHHOI'O Yucliia
10JIb30BaTENEeN U opraHu3anuili. AHaJIOroB JaHHOM CUCTEMBI HE ObLII0O OOHAPYKEHO B OTKPBITOM JOCTYIIE,
YTO JIeJIaeT aKTyaJlbHbIM €€ pa3paboTKy.

Kniouegwie cnoga: xpunrtorpadus,6e30macHbil JOKYMEHTOO00POT, KpUIITOCHCTEMA, MH(poBaHuUE,
OTKPBITBIN KJIF0Y, 3aKPBITHIN KIIIOY, 3alllUTa HH(pOpMaLUU

DEVELOPMENT OF AN APPLICATION
FOR ENCRYPTING INFORMATION
D.M. Dubkova, O.P. Timofeeva
Nizhny Novgorod state technical Universityn.a. R.E. Alekseev

Purpose: To design and implement a secure document management system that allows the safe exchange
of information.

Design / Methodology / Approach: As part of the work the analysis was carried out and the choice of
means for creating an information encryption system was justified. Implementations of the system in
JavaScript using the low-code platform Eftech.Factory. The system includes working with users,
organizations and transferring encrypted data between them. DES encryption algorithm was chosen for
secure data transfer between users, and RSA was chosen for key exchange.The architecture of the system
will allow implementing new algorithms, locally performing updates, as well as using the system for an
unlimited number of users and organizations.

Findings: The article presents the results of the system, which represent registered users who can
exchange encrypted files.

Research limitations/implications: The system is limited by a set of methods for encrypting
information, but the architecture of the system allows you to implement new algorithms seamlessly.
Originality/Value: Currently, there are a small number of file encryption systems that ensure the transfer
of encrypted files between users, but they are not publicly available. The developed information system
will allow you to securely exchange the necessary information between users registered in the system, as
well as simply encrypt and decrypt user files.

Keywords: cryptography,secure document management, cryptosystem, encryption, public key, private
key, information security.
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CUCTEMA OBPABOTKH BUAEOIIOTOKA CSI KAMEPbBI C UCITIOJIb30OBAHUEM
SOC ZYNQ 7000 (Xilinx).
O.H. Kopenun
ORCID 0000-0002-5928-6045 e-mail: o_korelin@mail.ru
B.B. Kanas
ORCID 0009-0000-0029-4211 e-mail: slavakaplya20011501@gmail.com
J.A. KobnsikoB
ORCID 0000-0002-7980-5801 e-mail: d.koblyakov@gmail.com
Hwuxeropoackuii rocyaapcTBEHHBIN TeXHUYECKU yHUBepcuTeT uM. P.E. AnekceeBa

BceBo3MOKHBIE CHUCTEMBI OOpaOOTKH BHUJACONOTOKA HMMEKOT OOJIBIIME BPEMEHHBIC 3aJICPKKH,
CBSI3aHHBIC CO CIIOKHBIMH aITOpUTMaMU ckatus. [Ipu 3ToM uMeeT 60IbIIoe 3HAYSHUE THIT UCTIONB3YeMOM
KaMephl U ObICTpOeHCTBHUE Tpolieccopa. [Ipenaraemas cucreMa HCIoOIb3yeT B CBOEM COCTaBe OIHY M3
OBICTPONCHUCTBYIOINX KamMep CO CIeHUaTN3upPOBaHHBIM MOcienoBarenbHbiM uHTEpdeiicom CSI MIPI
(Camera Serial Interface) u SoC Zynq 7010 coxepxamuii mporpammupyemyro toruky FPGA u ARM
nporeccop. CpeacrBa mporpammupoBanuss U otinaaku Zynq7010 mo3BONSIOT HMHTErpUpOBaTh OJIOK
pabotel ¢ kamepod B FPGA, 4ro 3HAYMTENBHO YCKOPSET MPOIECC TOIYYCHUS BHUACOIMOTOKA ISt
nocuenymoomeil 00paboTki W aHanm3a y)Xe B MHUKpomporeccopHoir yactu. Ilpomeccop paboraer mox
ympasienueMm OC LinuX, mpu 3TOM MPEACTaBIAIOTCS OOJbIINE BO3MOKHOCTH ISl HCIOJIb30BAHUS
Pa3IMYHBIX OMOIHOTEK, BKIIIOYAs HHTEIICKTYaIbHBIC AITOPUTMBI C HEUPOHHBIMH CETSIMHU.

Knrwouesvie cnosa: o6paboTka BUACONOTOKA, AITOPUTMBI OTOOPAXCHUSI U CHKAaTHS BHJICOMOTOKA, KaMepa
CSlI, Zynq7000.

VIDEO STREAM PROCESSING SYSTEM CSI CAMERA USING SOC ZYNQ 7000 (Xilinx).
O.N. Korelin, V.V. Kaplya, D.A. Koblyakov
Nizhny Novgorod State Technical University named after R. E. Alekseev

Purpose: The main goal of this work is to increase the speed of video stream processing based on the use
of programmable logic. Using the OS Linux allows you to actively use various libraries of mathematical
processing, including image alignment.

Design/methodology/approach: The use of a single chip SoC Zyng 7010 and the use of fast internal
interfaces significantly speed up the conversion and calculation process.

Findings: The use of a single chip SoC and increased processing speed reduces display latency.

Research limitations/implications: This article is the beginning of the study of video stream processing
jointly in programmable logic and in the processor part.

Originality/value: The proposed approach could be used on all systems designed for fast video stream
processing. It helps to select devices for the system being created. It can also be used for methodological
purposes.

Keywords: video stream processing, video stream display and compression algorithms, camera CSI,
Zynq7000.
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CUCTEMA ABTOMATHYECKOI'O KOHTPOJS U AHAJIN3A TAHHBIX
HA OJHOIIVIATHOM KOMIIBIOTEPE.
O.H. Kopenumn,
ORCID 0000-0002-5928-6045 e-mail: o_korelin@mail.ru
A Jl. Kynuos,
ORCID 0009-0002-6531-0694 e-mail: reowlin@gmail.com
J.A. KobnsikoB
ORCID 0000-0002-7980-5801 e-mail: d.koblyakov@gmail.com
Huxeropoackuil rocygapcTBeHHbIN TexHUUeckuid yHuBepcuteT uM. P.E. Anekceesa

Cucrembl aBTOMaTH3aIMHU IIUPOKO UCIIONB3YIOTCS B OTPACISIX POOOTOTEXHUKH, MALIMHOCTPOCHHS,
MEIUIUHBI, 0€30IIaCHOCTH M MHOTUX Jpyrux. be3 sddextuBHOro m OpicTporo cbopa mHpopmanuu c
JAaTYNKOB HEBO3MOXXHO (DYHKIIMOHMpPOBaHME TakuX cucrteM. OTHOIUIATHBIH KOMIIBIOTEp, O0Jaast
OOJIBIIMMH BBIYMCIUTEILHBIMI BO3MOXKHOCTSIMH, OONBIIUM 00beMoM mamsiTH, ynpasisembiii OC Linux
MO3BOJISICT HAKAIUTMBAaTh OOJNBINON OOBEM [aHHBIX, O0OpabaTbiBaTh MX W IEpeAaBaTh IO IPOTOKOIY
Ethernet wmum WIiFi. B Hacrosiiiee BpeMsi IIUPOKO HCHOJNB3YyeTCS IpEIBApUTENbHAS, T.H.
HHTEJUICKTyalbHas 00paboTKa JaHHBIX C MCIOJIb30BaHueM Oubimorek: Open CV, boost u T.1. B kayectse
HaOopa [aTYMKOB KCIIOJb30BAJIACH paclnpocTpaHéHHas Iuiata pacmupeHus Robotics, wumeronryro
NPOrpaMMHYIO HOAJECPIKKY Hpou3BomuTens. Pesynbrar paboTsl cucteMbl oToOpaxaercs Ha skpane [1K
gyepez Windows Presentation Foundation (WPF) — sto rpaduueckas momcuctema B coctaBe .NET
Framework.

Knioueevie cnoea: cucrema aBromaru3allvv, OJHOIUIATHBIN KommbioTep, BeagleBone Black (BBB),
Raspberry Pi (RPi), ou6auorexku OpenCV, boost, u3meputenbHble ycTpoiicTBa, 00pabOTKa JaHHbIX,
BU3yaJIN3allHs JaHHbIX.

SYSTEM OF AUTOMATIC CONTROL AND DATAANALYSIS ON ASINGLE-BOARD
COMPUTER.
O.N. Korelin, A.D. Kupcov, D.A. Koblyakov
Nizhny Novgorod State Technical University named after R. E. Alekseev

Purpose: Development of an automatic system for collecting, accumulating, processing data from
sensors. Using Linux OS libraries for data processing on Single Board Computer. Visualization of work
results on the PC screen.

Design/methodology/approach: Development of client, server and user parts using modern tools. Using
Linux OS libraries.

Findings: An application has been developed with a friendly user interface and performing all the
required functions for Single Board Computer and for visualization work.

Research limitations/implications: Developing proposals for this method may be easier than buying
ready-made solutions.

Originality/value: The novelty of the work lies in the use of new development tools to achieve the
required results. Single-board computers (BeagleBone Black and Raspberry Pi) allow data processing
using digital and intelligent processing algorithms.

Keywords: automation system, single-board computer, BeagleBone Black (BBB), Raspberry Pi (RPi),
libraries OpenCV, boost, measuring devices, data processing, data visualization.
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YAK: 004.93'1:004.932

AJITOPUTM UAEHTUDOUKALIUU DJIEMEHTOB IIMTAHUS HA PEHTTEHOBCKHUX
MN30BPA’KEHUAX C IPUMEHEHUEM METO/I0B IZTYBOKOI'O MAIMHHOT'O
OBYYEHUSA
A.A. KoporbimeBa
ORCID: 0000-0001-8877-4235 e-mail: ania.korotishewa@yandex.ru
C.H. Kyxkos
ORCID: 0000-0002-4410-4720e-mail: jsn@rf.unn.ru
Hwxeropoackuii rocynapctBeHHblil yaupepeutet uM. H.U. Jlo6aueBckoro

B HacTOsAImMI MOMEHT Ha PBIHKE OTEYECTBEHHBIX PEIICHUN JJI1 COPTUPOBKH OIACHBIX U LICHHBIX
BUJIOB TBEPJbIX KOMMYHaJIbHBIX 0TX00B (TKO), Takux Kak, XMMHUYE€CKHE MCTOYHHUKHU TOKa (DJIEMEHTHI
nutanusg — OII) Ha nepBoO JMHUU MycoponepepadaThIBAIOIIMX 3aBOOB OTCYTCTBYIOT. Bo MHOrom »T0
CBSI3aHO CO CJIOKHBIM IPOLIECCOM JBUKEHMSI LIEJIEBBIX OOBEKTOB I10 TPAHCIIOPTHOW JieHTe, korma Ol
[IEPEMEIIUBAIOTC € JAPYTMMH OTXOJAaMH, HAaKpbIBalOT Jpyr Jpyra WM IE€PEBOPAYNBAIOTCA
HempeacKasyeMbiM oOpa3oMm. B pesynwrare, korma OI1 B cocrae TKO momagaroT B pEeHTTEHOBCKYIO
YCTaHOBKY, MH(pOpPMAIUs O HUX, MOJydaeMash U3 PEHTI€HOBCKOTO M300pa’keHMsI, MOXKET OKa3aTbCs He
ITOJIHOM Y UCKAKEHHOM.

B nanHoli paboTe npeanoxeH aaroputM o0pabOTKH PEHTIEHOBCKOIO M300pakeHHsl, OCHOBAHHBIM
Ha METoJaX ITyOOKOTO MAIIMHHOTO OOYYEHHsI, B YACTHOCTH, HA HEMPOCETEBBIX MOJENAX. DTOT AITOPUTM
MO3BOJISIET C BBICOKOH TOYHOCTHIO MACHTU(MHUIHUPOBATh OOBEKTHI, JaXKe €CIM OHU JIMIIb YACTUYHO BUIHBI
Ha wm3o0paxkenuu. Ilonm wunmeHTHduKanueil B paboTe MOHMMAETCS MOCIEAIOBATEIbHOE TNPUMEHEHUE
QJITOPUTMOB JIETEKTUPOBAaHUS M Kiaccuukauuu neneBblx o0bekToB (OI1) Ha OcHOBe mapamMeTpoB HX
BHYTPEHHUX CTPYKTYP.

Knrwouesvie cnosa:mammuaHoe oOydyeHue, UeHTU(GUKALUsA, HEUPOHHAs CEeThb, IEMEHThI MUTAHUS,
PEHTTEHOBCKUE U300pakeHUsI.

IDENTIFICATION ALGORITHM OF BATTERIES ON X-RAY IMAGES USING DEEP
LEARNING METHODS
A.A. Korotysheva, S.N. Zhukov
NizhniyNovgorodstateuniversityn.a.N.l. Lobachevskiy

Purpose:This article proposes an algorithm for processing X-ray images based on deep machine
learning methods, in particular, neural network models.

Design/methodology/approach:The proposed identification algorithm differs from the edge
detection algorithms (for example,Canny edge detector) by the ability to recognize overlapping internal
structures of objects and take this information into account when classifying.

Findings:The considered identification algorithm will help to obtain more complete information
from X-ray images when objects overlap each other.

Research limitations/implications:The present article provides a starting-point for further
research in the identification system developing using X-ray images.

Originality/value: The proposed algorithm is self-sufficient, universal and can be adapted for use
both in an already developed intelligent identification system and in other systems receiving data from an
X-ray machine.

Keywords:machine learning, identification, neural network, batteries, X-ray images.
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VIK 621.398
OIIBIT PEAJIN3AIINU TEHEPATOPA IICEBJOCJIYYAMHBIX YUCEJ B CHCTEMAX
OBECHEYEHHUSI THOPOPMALIMOHHOMN BE3OITACHOCTH ABTOHOMHBIX
NOJABUKHbBIX OFBEKTOB
A.A. Kpur
ORCID: 0000-0003-5194-7910 e-mail: ggc89092850880@gmail.com
E.Jl. Kopadses
ORCID: 0000-0003-4187-3900 e-mail: gravar@gmail.com
B.!. JloruHoB
ORCID: 0000--0003-3642-2240 e-mail: vilog@list.ru
10.C. ®enocenko
ORCID: 0000-0002-9434-4386 e-mail: fds1707@mail.ru
Bomxckuii rocyapCTBEHHBIM YHUBEPCUTET BOIHOIO TPAHCIIOPTa

Tema 3amuTel WHGOPMALUH, IMEPEIABAEMON IO TEJICKOMMYHHMKALMOHHBIM KaHalaM B LEJAX
YIpaBJICHUS aBTOHOMHBIMH MOABMXKHBIMH oObekTamu (AIIO), nmpuobpena B HacTosmiee BpeMsi 0coOyrO
akTyasbHOCTh. OCHOBY COBPEMEHHBIX METOOB obecneueHust 0e30macHoCTH HH(OpMaLnu, iepe1aBaeMoi
[0 KaHAJIaM CBSI3M, COCTABJISIOT, KaK MPaBWIIO, METOJIbl TAMMHUPOBAHUS C MCIOJIb30BAHUEM T'€HEPATOPOB
ncenocnydaitapix uncen (I'TICY). B cuny cneundpukun AIIO mpu Beibope I'TICY ocoboe BHUMaHUE
CIelyeT YHENSATh TapaHTUPOBAHHOMY JIOCTHMIKEHHUIO IMPEAYCTAHOBIECHHOTO YPOBHS KPUOTOCTOMKOCTH M
osictpozeiictBust [TICH. B crarbe mpuBOASTCS PE3yNbTaThl AKCIIEPUMEHTAIBHOTO HCCIICAOBAHMS BEPCUU
I'TICY, cKOHCTPYMPOBaHHOIO Ha OCHOBE JMHEHWHOIO KOHIPY’HTHOro meroma. MopenupoBanue ['TICH
BBINIOJIHEHO B paMKax JOKajJbHOU ceTH. IIpopeMoHCTprpoBaHa BO3MOXHOCTh CHHTE3a OHOIIPOXOJHOTO
ITICH ¢ ¢ukcupoBaHHBIM 3HAYEHHEM IMapaMmeTrpa HHKIA. [IpUBOAATCS OIEHKU KPUIITOCKOWKOCTH U
obictponeiicTBust npu peanu3auuu [TICU nHa 16-tu paspsaHom mporeccope Arduino. TectupoBaHuem
MOATBEPKICHA UICHTUYHOCTD pe3ynbraToB padoTel ['TICY B Bepcusx uis pa3HbIX OMEpPAllMOHHBIX Cpell, a
TaKKe pa3pabOTaHHBIX C UCIIOIb30BAHUEM PA3IMYHBIX HHCTPYMEHTAIbHBIX CPEICTB IPOrPaMMUPOBAHHUS.

Kniouegvle cnoea: raMMHUpOBaHUE, T€HEPATOPHI IICEBAOCIYYaWHBIX YHUCEN, KPUIITOCTOMKOCTH
MUKPOIPOLIECCOP.

EXPERIENCE IN IMPLEMENTING A PSEUDORANDOM NUMBER GENERATOR IN
INFORMATION SECURITY SYSTEMS FOR AUTONOMOUS MOBILE OBJECTS
A.A. Krit, E.D. Korablev, V.I. Loginov, Yu.S. Fedosenko
\olga State University of Water Transporto

Purpose: The task of protecting the information transmitted via wireless communication channels to
control mobile objects is currently relevant and topical. The basis of modern methods of information
protection are gamming methods using pseudorandom number generators (PRNG). The purpose of this
article is to implement the PRNG based on the linear congruent method.

Design/methodology/approach: The article presents the implementation of the PRNG based on the linear
congruent method. The possibility of synthesizing a single-pass PRNG with a fixed value of the cycle
parameter is demonstrated.

Findings: When choosing a PRNG when using them on mobile objects, it is required to ensure the
specified cryptographic stability and speed consumption.

Research limitations/implications: The evaluation of cryptographic resistance, performance parameters
and power consumption when implemented on the popular 16-bit Arduino processor is given.

Practical implications: The possibility of obtaining a single-pass generator with a single-pass cycle to
increase the speed of the synthesis of PSP is shown.

Originality/value: The simulation of the RNG is performed in a local network. The compatibility of
generators implemented in different computing environments and programming languages is checked.

Keywords: gamming, pseudorandom number generators, cryptographic stability, microprocessor
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VK 519.8
MATEMATUYECKOE OBECIIEYUEHHE 1JIs1 CUCTEMBI HOJJAEPKKHW ITPUHATHUA
PEIIEHUH 1O OBCJIYKUBAHUIO KOOITEPATUBHO OPTAHU30BAHHOT' O ITIOTOKA
OBBEKTOB CTAIUOHAPHBIM ITPONECCOPOM
A.A. OBYHHHH
ORCID: 0009-0001-8596-2422 e-mail: fromdz@mail.ru
10.C. ®enocenko
ORCID: 0000-0002-9434-4386 e-mail: fds1707@mail.ru
Bomxckuii rocyapCTBEHHBIM YHUBEPCUTET BOJIHOIO TPAHCIIOPTa

B pamkax pgumckperHoro QopmManu3Ma HpPOBOAMTCS MOCTPOCHUE MAaTeMaTH4eCKOW MOJeNn
0AHO(A3HOIO OJHOKPATHOIO OOCITY)KHMBAaHUS KOONEPATUBHO OPraHW30BAaHHOTO I0TOKAa OOBEKTOB
CTallMOHAPHBIM IPOLECCOPOM. B Momenu yduThIBAIOTCS MOMEHTBHI BPEMEHH TOTOBHOCTH OOBEKTOB H
nporeccopa K 00CIyKUBAHUIO, JIUTEIBHOCTH OOCIIYKUBaHMS M UX OIHO3HAYHO HMJEHTU(UUUpYROIne
napameTpsl. Mojienlb OMHMCHIBAET TEXHOJOTHIO TUIAHUPOBAHMS PACHHCAHUS TPYy30BOHl 00pabOTKU CyHOB,
HalpaBJIEHHBIX K TEPMUHAy 0OpaOOTKH; IPU 3TOM a/IeKBaTHO ONHUCHIBAIOTCS BCE CYIIECTBEHHbBIE IS
cuare3a 3(dekTuBHOrO pacnucaHus OOCITY)KMBAaHUS BPEMEHHBIC XapaKTEPHCTUKU CKJIAJBIBAIOIICHCS
HKCIUTyaTallUOHHOM OOCTaHOBKM, IapaMeTphl CYIOB W OIEPallMOHHOW MallWHbl TEPMUHANA, a TaKXKe
YCTaHOBJICHHBIE Il pabOYMX MPOIECCOB IPpy30BOi 00pabOTKM HOpMAaTuBHL. Bkyme ¢ mpemiaraeMbiM B
CTaThe pEIlAIONIMM AJITOPUTMOM MOJENb MpeiHa3HaueHa Uil NPOrpaMMHOM peanu3auuu B HU(POBOIi
CHCTEME TMOICPKKH MPUHATHS pEeIIeHUH Npu (HOPMHUPOBAHUHN U ONTHUMH3AIMU IPOCKTOB PACIIHCAHUIMA
0AHO(A3HOTO OJHOKPAaTHOIO OOCITY)KMBAaHUSI KOHEYHOIO KOONEPAaTHBHO OPraHM30BaHHOIO IOTOKA
00BEKTOB CTAIIMOHAPHBIM TPOLIECCOPOM.

Knrwoueswie cnosa: onHodazHoe 00CITyKHBaHUE, TOTOK OOBEKTOB, KOONEPAaTUBHAsS OpraHU3allys,
MPUHSATHE PELLICHUH, ONIEpaTUBHOE IIJIAHUPOBaHHUE

MATHEMATICAL SUPPORT FOR ADECISION SUPPORT SYSTEM FOR THE
MAINTENANCE OF A COOPERATIVELY ORGANIZED STREAM OF OBJECTS BY A
STATIONARY PROCESSOR
A.A. Ovchinin, Yu.S. Fedosenko
\olga State University of Water Transport
Purpose: The purpose of this article is to develop a mathematical model and an algorithm for
synthesizing the schedule of single-phase one-time servicing of a cooperatively organized flow of objects

by a stationary processor.

Design/methodology/approach: The construction of a mathematical model is based on a discrete
formalism, and its subsequent digital implementation is carried out in conjunction with the algorithm
developed in the work for synthesizing the schedule of single-phase one-time servicing of a cooperatively
organized flow of objects by a stationary processor.

Findings: Mathematical software has been developed for decision support systems in the formation of a
schedule for single-phase one-time servicing of a cooperatively organized flow of objects by a stationary
processor.

Research limitations/implications: The results of the article serve as a starting point for research and
development in the field of intellectualization of operational planning processes using cargo ships,
operational and other types of vehicles, including those based on machine learning.

Practical implications: Reducing operating costs for the maintenance of vehicles and operating facilities
by reducing their unproductive downtime, as well as reducing the level of influence of the "human factor"
on the technology of operational planning.

Originality/value: The models and algorithm for synthesizing service schedules for a cooperatively
organized flow of objects are new and practically in demand; their practical implementation in decision
support systems can be expanded within the framework of a unified top-level transport process
management system based on appropriate cloud functionality and telecommunication technologies.

Keywords: single-phase maintenance, object flow, cooperative organization, decision-making,
operational planning
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YK 004.8
MNPUMEHEHUE UCKYCCTBEHHOI'O UHTEJUIEKTA JJISA ABTOMATHU3ALIUNA
HPOLECCA TECTUPOBAHUSA TIPOTPAMMHBIX ITPOAYKTOB
J.C. CokoJioBa
ORCID: 0000-0003-0860-2463e-mail: essokolowa@gmail.com
J. M. KoJo00B
ORCID: 0000-0000-0000-000 e-mail: dmitryzholobov.nntu@gmail.com
Hwxeropoackuii rocygapcTBeHHBIN TexHUYeCKui yHuBepcuteT uM. P. E. AnekceeBa

Poct cioXXHOCTH TPOrpaMMHBIX TMPOJIYKTOB TpeOyeT MOBBIIEHUS HPPEKTUBHOCTH UX
TECTHPOBAaHUS HAa BCEM JKU3HEHHOM IMKJE pa3pabOTKU U COMPOBOXKIEHHS, YTO OO0ECIeunBaeT
aKTyaJIbHOCTb pa3pa0OTKU HOBBIX pelleHHH B 00JacTM aBTOMAaru3aluu TecTupoBaHMs. bonbioi
(GyHKIIMOHAT TPOTPaMMHOIO OOECIEYeHUsT MPUBOAUT K POCTY IOKPBITHS BCEX €ro TpeOOBaHUIA.
HesddexTnBHOE TeCTHpOBaHNE IPOrPAMMHBIX IPOIYKTOB IPUBOAUT K OONBIINM U3/1€p’KKaM KOMITaHU -
pa3pabOTYMKOB U MOBBIMIACT PUCK OOHAPYKEHUS Ae(PEKTOB Ha CTAIMH MPOMBIIUICHHON SKCIUTyaTaIlH,
YTO MPUBOAMT K IOMCKY pELICHUH B 00JacTH ONTHMHU3ALMU HPOLECCOB TecTupoBaHus. B pabore
MPOBE/ICH aHAJIM3 U pa3padoTaH CIOCOO MCIONBb30BAaHUS AITOPUTMOB MCKYCCTBEHHOTO MHTEIUIEKTA JIJIs
TeHepaluu M TNpeaoOpabOTKH TEKCTOBBIX JAHHBIX B O0JIACTM TECTUPOBAHMS KJIMEHT-CEPBEPHBIX
npuiaoxeHnid. ['eHeparmuss W mpenoOpabOTKa TEKCTOBBIX JaHHBIX SBISIETCA PECypco3aTpaTHBIM
IPOLIECCOM, JJIS €r0 ONTUMU3ALUY MpelaraeTcsl UCIoJIb30BaTh NMpelo0yuyeHHY0 HEHpPOCeTh Ha OCHOBE
MapKOBCKHUX IPOLIECCOB MPUHATHUS pelieHUi. JlaHHbII METO/ MO3BOJISIET IPOBECTU 00pabOTKY M aHAIU3
TEKCTOBBIX JAaHHBIX M PELIMTh 3aJayy IIOMCKAa 3aKOHOMEPHOCTEH, Ha OCHOBE KOTOPHIX OyayT
IE€HEpUPOBATLCS HOBBIE TEKCTHI, MPEACTABIAIOLIME COOON TECTOBbIE AAaHHbIE IS NPUIIOKEHUH. s
aBTOMaTHU3allUd IPOLECCOB IOCTPOCHHMsI TECTOB BbIOpaH A3bIK RUSt, uMeromuii  BBICOKYIO
IIPOU3BOJUTEIIBHOCTG M BO3MOXKHOCTb pabOThl C BHEIIHUMU OMOIMOTEKaMH, B TOM 4YHCIIE
IPEJOCTABIIAIONMX BO3MOXHOCTH Il paboThl C MapKOBCKUMH Ipoueccamu. CreHepupoBaHHbIE
TEKCTOBBIE JIaHHBIC allPOOMPOBAHBI HA PEANBHBIX 00BEKTaX U MOKA3aJIHd XOPOUIYIO MMPOU3BOAUTEIBHOCTb.
Taxke uccnenyroTcst pemieHuss B 00JacTH aBTOMAaTH3allMM pPa3paOOTaHHOTO alroOpUTMa C TECTOBBIM
(GpeiMBOPKOM, YTO MOBBICUT 3P(HEKTUBHOCTH TECTOBOM CECCHUHU.

Knroueevie cnoséa: TecTUPOBAHHWE, WCKYCCTBEHHBIM MHTEIUIEKT, ONTHMU3ALMS, MAapKOBCKHUU
rporecc.

APPLICATION OF ARTIFICIAL INTELLIGENCE TO AUTOMATE AND OPTIMIZE THE
PROCESS OF TESTING SOFTWARE PRODUCTS
D. M. Zholobov, E.S. Sokolova
Nizhny Novgorod State Technical University n. a. R.E.Alekseev

Purpose: To generate test data using the Markov decision process.

Structure / Methodology / Approach: the article proposes an algorithm written in the go language using
the Markov decision process. The algorithm takes a given set of test data as input, analyzes each text
object, finds patterns, and generates a new object based on these patterns. The generated text sets can be
used as processed test data.

Results: A trained neural network to generate text objects that can be used as test data.

Limitations of the study/idea: The implemented algorithm requires a manual start of the test suite
generation. To optimize the testing process, further automation towards integration of the algorithm and
the testing framework is expected.

Originality/value: The value of the solution lies in the optimization of resources associated with the
testing process. The process of obtaining test data through a test system is resource intensive and can
actually take up a large portion of the time of the overall testing process. The development of an
automated algorithm for data generation makes it possible to significantly optimize the process of
preparing and executing tests. A non-trivial approach to the problem of generating test suites is associated
with the use of the Markov decision process, which is currently underestimated when using artificial
intelligence technologies. The developed algorithm can also be used for analysis of text objects.
Keywords: testing, artificial intelligence, optimization, Markov process.
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YIK: 004.89
ONPEJAEJEHUE KIIABUATYPHOI'O IIOYEPKA C IOMOIIBIO AJITOPUTMA
G-MEANS 1 IEPCEIITPOHA
0.B. Cynakos
ORCID: 0000-0003-3723-5973 e-mail: Sudakov.oleg1l23@yandex.ru
JA.B. Imutpuen
ORCID: 0000-0001-9481-0968 e-mail: dmitdmit@mail.ru
Huxeropoackuil rocyaapCTBeHHbIN TeXHUYECKU yHUBepcuTeT uM. P.E. AnekceeBa

B cratbe paccMOTpeHBl BOIPOCHI, CBSI3aHHBIE C OOYyYEHHUEM HCKYCCTBEHHOT'O HMHTEIICKTAJIIS
OCYILIECTBJIEHUS JUHAMUYECKON ayTeHTU(UKAINH MOJIb30BATENS. [IpuBenena cucreMa
MHTEJJICKTYaJIbHOTO aHaliu3a, COoCTosias M3 ainropuTMma kinacrepusanuun G-Meansu nepcentpona,
MIO3BOJIAIOIIASL  ONPENEIUTh JIMYHOCTh IIOJIB30BATENsl, HCIONb3YIOLEro kKiuasuarypy. lIpemnmoxena
METOJIMKA, TO3BOJIAIONIAS C IOMOIIBI0 paccMaTpUBacMOW cHUCTeMbl AuddepeHupoBaTh pa3nyHbIe
IICUXOJIOTHYECKUE COCTOSIHMS YEJOBEKA, BIUSIOIIME HA KiIaBUATypHbId mnouepk. [lokaszaHo, kak
pasesieHrne TCUXOJOTHYECKUX COCTOSHUN MOMKET YMEHbBIIUTh OIIMOKHA IEPBOrO M BTOPOTO pOAa.
[IpuBeneH mpumep 3amucH, MOATOTOBKM M aHAIW3a JAHHBIX 00 WCIONB30BAHUM KIABUATYPHI IS
nojiyueHuss HHQOpMAMK O JIMYHOCTU  Moyib3oBarens. [IpuBeneHbl 4YHMCIIOBBIE — IOKa3aTenu,
JIEMOHCTPHPYIOIINE TOYHOCTh PAabOThI IPETIOKEHHONW CUCTEMBI.

Knwuesevle cnosa: HEWpOHHBIE CETH, KIABUATYPHBIH MOYEpK, Q§-Means, mepcenTpoH,
camMoo0y4aromieecs: aropuTMbl, 00ydeHune 0e3 yuuTessi, THOPUIHBIE CUCTEMBI.

DETERMINATION OF KEYBOARD HANDWRITING USING THE ALGORITHM
G-MEANS AND PERCEPTRON
O.V. Sudakov, D.V.Dmitriev
Nizhny Novgorod state technical university n.a. R.E. Alekseev, Russia

Purpose:The article discusses issues related to the training of artificial intelligence for the
implementation of dynamic user authentication

Design/methodology/approach:An intelligent analysis system consisting of a G-Means clustering
algorithm and a perceptron is presented, which allows determining the identity of the user using the
keyboard.

Findings: A technique is proposed that allows using the system under consideration to differentiate
various psychological states of a person that affect keyboard handwriting.This reduces errors of the first
and second type.

Research limitations/implications: The study is limited by the number of collected samples of keyboard
handwriting. Nevertheless, the study shows the possibility of using the considered system for dynamic
user authentication.

Originality/value: The proposed system can be used to create dynamic protection of systems that
actively use the keyboard. These systems also include operating systems, which allows you to secure
them by adding dynamic authentication.

Keywords: neural networks, keyboard handwriting, g-means, perceptron, self-learning algorithms,
unsupervised learning, hybrid systems.
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YK 004.056
BbIBOP U OBOCHOBAHME INOKA3ATEJIA JIsA OHEHKU DOPEKTUBHOCTHU
YINPABJEHUASAIINHIEHHOCTBIO HTHOPOPMALIMOHHBIX PECYPCOB
ABTOMATU3NPOBAHHBIX CUCTEM CIIEHUAJIBHOI'O HABHAYEHUSA
OT BUPYCHBIX ATAK
P.A. XBopoB
OCRID:0000-0002-5718-6227 ,e-mail: khvoroff@rambler.ru
BoeHnHbIl yueOHO-HAY4YHBIN IIEHTP BOGHHO-BO3MYIIHBIX CHIT «BOEHHO-BO3/TyIIIHAS aKaAeMUs
um. ipo¢. H. E. XKykosckoro u FO. A. I'arapuna» (r. Boponex)

D¢ dexTuBHOCTH yIIpaBJIECHUS 3aIUIIEHHOCTbIO MH(POPMAIMOHHBIX pecypcos
aBTOMATHU3HPOBAHHBIX cUCTeM crennanbHoro HazHaueHus (AC CH) oT BUpYCHBIX aTak XapakTepu3yeTcs
BO3MOKHOCTSIMH HapyLIUTENS M0 pean3aliy Yyrpo3 BUPYCHBIX aTak Ha nH(popMarroHHble pecypcsl AC
CH, B0o3MOXXHOCTSIMH MeXaHU3MOB aHTHUBUPYCHOH 3ammThl B AC CH mo o0ecniedeHuIo 3aiuieHHOCTH
ee WH(POPMAIMOHHBIX PECYpCOB, a TakXe BO3MOXXKHOCTSAMHU [0 YIPABICHUIO 3alUIIEHHOCTHIO
nHpopmanmoHHbIX pecypcoB AC CH oT BUPYCHBIX aTax.

IIpy 53TOM BO3MOXXHOCTM HAapyLIUTEIs IO pealu3alud yYrpo3 BHUPYCHBIX aTak Ha
nHpopmanuonusie pecypcbl AC CH paccmarpuBaroTcs Kak pe3ysbTaT €ro JeHCTBHM, COBEPIIAEMBIX C
LENBI0 JIECTPYKTUBHOTO BO3ACUCTBUS Ha WHpOpManuio 3Tux cucreM. dopmanbHas HHTEpPIpETaIHs
TaKoro pojia IeHCTBUH OIpeneseTcsl Kak MOJIedb YIPO3 BUPYCHBIX aTak.

Ilpu xapakTepucTHKe BO3MOXHOCTEH MeXaHU3MOB aHTuBHpycHOM 3amutel B AC CH no
00eCrneUeHnI0 3alUIIEHHOCTH ee MH(GOPMAIIMOHHBIX PECYPCOB CIEAYeT YYUTHIBATh, YTO K HACTOSILIEMY
BPEMEHH B METOJOJOTMH HWH(POPMAIIMOHHOW 0€30macHOCTH ISl HccienoBanus 3(dexkTuBHOCTH Mep
oOecrieyenns  Oe3omacHOCTH  uHGpopManuu  pa3paboTaH  psii  BapuaHTOB  (hOPMAaTU30BAHHOTO
IIPE/ICTAaBICHHUs] TaKkoro poja Bo3MokHocTe. HauOosiee pacnpocTpaHEHHBIM BapuUaHTOM CpEAU HUX
SBIIICTCS BapUaHT MPEACTABICHUS J3THX BO3MOXKHOCTEH B BHJE XaPAaKTEPUCTUKH CBOEBPEMEHHOCTH
pearupoBaHUs Ha yTPO3bI.

Knrouesvie cnoea: >bdpexTUBHOCTH yIpaBieHHs, OIEHKa S()PEKTUBHOCTH, 3aNIMIIEHHOCTH
MH()OPMAIMOHHBIX PECYPCOB

SELECTION AND SUBSTANTIATION OF AN INDICATOR FOR ASSESSING THE
EFFICIENCY OF MANAGEMENT SECURITY INFORMATION RESOURCES OF
AUTOMATED SYSTEMS FOR SPECIAL PURPOSE
FROM VIRUS ATTACKS
R.A.Khvorov
Zhukovsky and Gagarin Voronezh Air Force Academy

Purpose:The effectiveness of managing the security of information resources of automated
systems for special purposes (AS SP) from virus attacks is characterized by the following capabilities:the
violator's capabilities to implement threats of virus attacks on the information resources of ASSP;the
capabilities of anti-virus protection mechanisms in AS SP to ensure the security of its information
resources;the capabilities for managing the security of information resources of AS SP from virus attacks.

Research limitations/implications: With this possibility, violations of the implementation of the
threats of virus attacks on information resources are studied by the AS SP as a result of its actions
performed with the aim of a destructive impact on the information system. Formal interpretation of such
solutions as a virus attack threat model.

When characterizing the capabilities of anti-virus protection mechanisms in AS SP to ensure the
security of its information resources, it should be taken into account that by now, in the information
security methodology, a number of options for a formalized representation of such capabilities have been
developed to study the effectiveness of information security measures. The most common option among
them is the option of presenting these capabilities in the form of a characteristic of the timeliness of
response to threats.

Originality/value: Improving the effectiveness of protection of information infrastructure objects
of automated systems in the conditions of virus attacks.

Keywords: management efficiency, efficiency assessment, security of information resources.
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3OPEKTUBHBIN ITOJJEOP CTOXACTHYECKHNX ITAPAMETPOB A PAJLJIEJIBHBIX
MMONYJAIIMOHHBIX AJITOPUTMOB U UX BJIUSIHUE HA KAYECTBO PELIEHUSA
A.B. YepHuxkon
ORCID: 0009-0009-3708-7326 e-mail: aleksandrchernikov98@gmail.com
B.A. Uekanuu
ORCID: 0000-0001-9448-0583 e-mail: vladchekanin@rambler.ru
OI'bOY BO «MI'TY «CTAHKHUH»

B pabore mpennoxkeH aJanTHUBHBIA alrOpUTM NOA00pa M KaTUOPOBKU BHYTPEHHUX MapaMeTpOB
MapaUIENbHBIX MOMYJSIIUOHHBIX aJTOPUTMOB, HUCIOJb3YEMBIX JUISI MOKUCKA 3KCTPEMYMOB HEIMHEUHBIX
MYyJbTUMOJIATbHBIX (PYHKIMHA C CHUCTEMOW OrpaHMYEeHHM Ha KOHeuyHoe pemieHue. IlpencraBienbl
pe3yJIbTaThl BBIYMCIMUTENBHBIX JKCIEPUMEHTOB MO MOMCKY HAWIYYLIEro pEIICHUS HEKOTOPBIX
MaTeMaTHYeCKuX (QyHKIMH ABYMepHOro mpoctpaHcTBa (dyHkuuu Pactpuruna, PozenOpoka u JleBu) c
Pa3IMYHBIMU CTOXAaCTUYECKMMHM IMAPAMETPAMU MAPAJIIEIBHOrO MOMYJSIUMOHHOrO anroputrma. [IpoBenén
U TPEJCTABICH CpPAaBHUTENIbHBIA aHAIW3 BIMSHUS HA KAueCTBO KOHEYHOrO PEIICHMS KaXIO0ro W3
CTOXaCTUYECKUX MapaMeTPOB OCHOBHOIO MOMYJISIHUMOHHOrO airoputMa. [IpensiokeHHbId aJanTUBHbBINA
MOMYJISIIUOHHBIM  aNTOPUTM CIHOCOOCH XPaHUTh HCTOPHUIO MOJAOOpPaHHBIX MapaMeTPOB OCHOBHOTO
QIrOpUTMa, a TAKXKE MCIIOJIb30BaTh €€ KakK MIa0JOH MpU KaTMOpPOBKE MapaMeTpoB JUIsl TIOMCKA JYUIIETro
pelieHns HOBOW (QYHKITUH.

Kniouegvie cnosea: mnapaienbHble IONYJSALUOHHBIE AJITOPUTMBI, CTOXAaCTUYECKHE MapaMeTphl,
ONTUMHU3ALNS, MYyJTbTUMOIATbHBIE (DYHKIIUH, BBIYUCIUTEIbHBIN SKCIIEPUMEHT.

EFFICTIENT SELECTION OF STOCHASTIC PARAMETERS OF PARALLEL POPULATION
ALGORITHMS AND THEIR IMPACT ON THE QUALITY OF THE SOLUTION
A.V. Chernikov
Moscow State University of Technology «STANKIN»
V.A. Chekanin
Moscow State University of Technology «STANKIN»

Purpose: Development of an adaptive population algorithm for efficient selection of parameters and for
solving a wide range of nonlinear multimodal functions.
Design / methodology / approach: The proposed adaptive population algorithm is a combination of
several population algorithms working in parallel. In the parameter selection mode, one of the algorithms
selects the parameters of the others. The rest of the algorithms are searching for the extremum of the
function. Upon completion of parameter calibration, the adaptive algorithm outputs a set of the best of the
tested parameters for the final solution of the function. When entering a new function in the normal
solution mode, the system can offer algorithm parameters from those calculated earlier.
Findings: The developed adaptive population algorithm greatly simplifies both the process of initial
selection of stochastic parameters of population algorithms and the calibration process of already formed
ones.
Research limitations/implications: The developed adaptive population algorithm helps to orient in the
weight of stochastic parameters and their influence on the quality of the final solution of the function.
Originality/value: The proposed adaptive population algorithm is capable of producing relatively good
initial stochastic parameters of parallel population algorithms for various nonlinear multimodal
mathematical functions. Also, based on the obtained parameters, it is possible to draw conclusions about
the influence and weight of individual parameters on the final solution.

Key words: Parallel population algorithms, stochastic parameters, optimization, multimodal
functions, computational experiment.
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ATTPAKTOPHI JIBYX ITIPEOBPA3OBAHUI MTOJOBUS IJIOCKOCTU,
YAOBJIETBOPAIOHIUE COOTHOWEHHUIO CBA3HOCTU AJIMHBI TPU
A.B. baraes
ORCID: 0000-0001-5155-4175, e-mail: a.v.bagaev@gmail.com
A.N. CosoBbeBa
ORCID: 0009-0004-7888-7315, e-mail: solovevaanastasiya3l@gmail.com
IO.A. SInenko
ORCID: 0009-0005-3264-5043, e-mail: yacenkojulia372@gmail.com
Huxeropoackuii rocynapcTBeHHbIN TexHUYeckuid yauBepcuteT uM. P.E. AnekceeBa

Koneunoe cemeilicTBO S CKHMMArOIUX OTOOpaKEHUH Ha IOJIHOM METPUYECKOM IIPOCTPAHCTBE
X Ha3bpIBaeTCsl cucteMoil utepupoBaHHbIX pyHknuii (CHU®D). Hemycroe KOMITaKTHOE MMOAMHOMXECTBO B X,
nHBapuaHTHOE oTHOCcUTENbHO CUD S,Ha3piBaeTcs arTpakropoM CUD S. CornacHo Teopeme XarunHCOHA
st moboit CHU®  cymiecTByeT eAMHCTBEHHBIN arTpakTop.ArTpaktopel CHU® wMoryr OBITH Kak
dpakTanmamMu, TaK H «PETYISAPHBIMH» MHOXKECTBAMH, HaMpPHUMEp, OTPE3KOM, TPEYTOJIbHHUKOM,
KkBaiparoM.CHCTEMbl UTEPUPOBAHHBIX (YHKIMN SBISIOTCS BaXKHBIM YaCTHBIM CIYy4aeMMHOTO3HAYHBIX
JUHAMHYECKHX CHUCTEM CO CXKUMAIMMH npeodpasoBanusmu. [lepBeie paboTsl, mocesiiennbie CHUO,
npuHauiexar J[x.9. Xaruuncony, M. Xarel, u M.®. bapucnu.

B pabore paccmarpuBaercs 1-mapamerpuyeckoe ceMmeucTBo S, = {fi, f} COOCTBEHHBIX
npeobpasoBanmii moxodus fi(z) = az, f,(z) = a(z—1) + 1,tne z,a € C,0 < |a| < 1.U3BecTHO, YTO
rpaHuiia MHOXecTBa M Tex 3HaueHud «, Juisi KOTopeIx artpakrop A, CU® S, sBusercs CBA3HBIM
MHO>KECTBOM, HMEET CIOXKHYIO (pakTaibHyl0 CTPYKTYpy. MHoxectBo M BBeneHo bapHciu wu
XappUHITOHOM M Ha3BaHO MHOKECTBOM MaHenb0poTa napbl JMHEHHBIX OTOOpa)KEHUI MO aHAJOTHU C
KJIACCHYECKUM MHOXeCTBOM MaHaenp0pora K KoMIUIekcHOM auHamuike. Halinensr Bce CUD S, mis
KOTOPBIX PEATM30BaHO COOTHOIIEHHE CBSI3HOCTHU JIJIMHBI TPH, MOCTPOEHBI arTpakTtopsl A, Takux CUO.
AHarnoruyHas 3ajiaua nocrasieHa u peniena takxke A CUD S, cocrosimux: 1) U3 1ByX HECOOCTBEHHBIX
npeoOpa3oBaHuil MOAOOWS; 2) OMHOTO COOCTBEHHOTO W OJHOTO HECOOCTBCHHOTO IpeoOpa3oBaHMIA
nogoous.

Kniouegvle cnoea:arTpakTop,cHCTEMa HTEPUPOBAHHBIX (PYHKIHN, MpeoOpa3oBaHUE IOH00WMS,
roMoTeTHs, PpakTan

ATTRACTORS OF TWO PLANE SIMILARITY TRANSFORMATIONS SATISFYING THE
CONNECTIVITY RELATION OF LENGTH THREE
A.V. Bagaev, A.l. Solovyeva, Y. A. Yatsenko
Nizhny Novgorod State Technical University n.a. R.E. Alekseev

Purpose:Find iterated function systems (IFS) consisting of two plane similarity transformations and
having connected attractors.
Design/methodology/approach:Let S, = {fi,f,} be a 1-parametriciterated function system (IFS)
consisting of two plane direct similarities fi(z) = az, f,(z) = a(z—1) + 1,wherea € C,0 < |a| <
1.There is a fundamental dichotomy for attractors of IFS with two maps: they are either connected or
totally disconnected. It is known that the boundary of the set M = {a|A,is connected}has a fractal
structure.The set M was first introduced by Barnsley and Harrington, who called it the “Mandelbrot set
for the pair of linear maps,” by analogy with the classicalMandelbrot set in complex dynamics. If IFS S,
satisfies the basic relation(YamagutiM., HataM., KigamiJ. Mathematicsof fractals) then the attractor A,
of IFS S, is a connected set.
Findings:All IFS S, satisfying the basic relation of length three are found and the attractors A, of such
IFS are constructed.
Research limitations/implications: A similar problem is posed and solved also for IFSS, consisting of: 1)
two opposite similarities; 2) one direct and one opposite similarities.
Originality/value:The results will help to understand more deeply the structure of the Mandelbrot set for
the pair of linear maps.

Keywords: attractor, iterated function system, similarity transformation, homothety, fractal
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MHNPEIMPOLHECCOP HAKETA ITPOI'PAMM JIOI'OC. BO3SMOXKXHOCTH IOCTPOEHUS
OBBEMHBIX CETOK /IUIsA PEHHEHUSA 3AJJAY ADPO- U TH/IPOJIMHAMUKHA
K.A. Baaxnosa

ORCID: 0000-0002-6468-8807 e-mail: kablazhnova@vniief.ru
O.H. bopucenko
ORCID: 0000-0003-4004-3374 e-mail: ONBorisenko@vniief.ru
A.l'. T'uHUATYJVINHA
ORCID: 0000-0002-9390-242X e-mail: AGGiniyatullina@vniief.ru
M.B. Ky3bMeHKO
ORCID: 0000-0002-2972-0453 e-mail: MVKuzmenko@vniief.ru
H.B. IlonoBa
ORCID: 0000-0002-8076-0100 e-mail: NVPopova@vniief.ru
M.B. YepenkoBa
ORCID: 0009-0009-0575-5246 e-mail: MV Cherenkova@vniief.ru
H.B. YyxmaHoB
ORCID: 0000-0002-4898-4278 e-mail: NVChukhmanov@vniief.ru

OI'VII «POAL-BHUND D

B nannoit pabote mpeacranieH 0030p BO3MOKHOCTEN MOCTPOSHHSI 0ObEMHBIX HECTPYKTYPUPOBAHHBIX
CETOK C NOrPaHWYHBbIM CJIOEM, MCHOJIb3YEMbIX JISl pPELIeHHs 33/ad a’po- M TMIPOJMHAMUKU B I1aKETe
nporpamm «Jloroc». B pamkax mpemporieccopa Ui MOATOTOBKM PACYETHBIX CETOK MPUMEHSIIOTCS pa3HbIe
reHepaTtopbl OOBEMHBIX CETOK. sl TOCTpOEHHsS CEeTKM TPEUMYIIECTBEHHO W3 IIECTHIPAHHHKOB
UCTIOJIL3YETCS TEHEPATOp 00BbEMHOM CETKH, UCHONb3YIONMN MeTo oTceueHus. [locTpoeHne MHOTOTpaHHBIX
CETOK OCYILECTBIISIETCSl T€HEpaTOpoM OOBEMHOW CETKHM OCHOBAaHHOM Ha MeTOZe NpeoOpa3oBaHUs U3
TETPadIPATHHBIX CETOK, IMOCTPOEHHBIX OTJEIBHBIM T'€HepaTopoM. s MOCTpOEHUsI CETOK ¢ TpeOyeMbIMU
XapaKTepPUCTUKAMU HEOO0XOAMMO 3a/laHie MHHUMAIBLHOTO KOJIMYeCTBa MapaMeTpoB, TEHepalus CETOK
IIPOBOAMTCS B aBTOMATUYECKOM PEXUME.

Jlnist peann3oBaHHBIX TEHEPaTOPOB CETOK PacCMOTPEHBI OCHOBHBIE 3TAllbl T€HEpAllMu: OIpeAeIeHue
XapaKTePHbIX OCOOCHHOCTEH MOJENH, TOCTPOCHUE TPEYTrOJbHOW CMEIIEHHOW CETKH JUIS BBIICIICHUS
MIOrPAHUYHOTO CJI0s1, TOCTPOEHUE OOBEMHBIX SUEEK C JJOKAIBHBIM Pa3MepPOM U JIp.

Knwouesvie cnosa: naker nporpamm <«Jloroc», HECTpyKTypUpPOBaHHbIE CETKH, MOTPAHUYHBIN CIIOH,
aBTOMATHUYECKHI T€HEPATOP CETOK.

LOGOS SOFTWARE PACKAGE PREPROCESSOR. 3D MESH GENERATION CAPABILITIES
TO SOLVE AERO- AND HYDRODYNAMICS PROBLEMS
K. A. Blazhnova, O. N. Borisenko, A. G. Giniyatullina, M. V. Kuzmenko, N. V. Popova, M. V.
Cherenkova, N. V. Chukhmanov
Russian Federal Nuclear Center — All-Russia Research Institute of Experimental Physics

Purpose: The paper presents an overview of the LOGOS software package capabilities to generate volume
unstructured meshes to use them for solving the aero- and hydrodynamics problems.
Design/methodology/approach: The cells of the volume mesh used for numerical simulation are mostly
divided into two parts: prismatic cells near the object being simulated and the cells that fill the rest of the
volume. To fill the internal volume tetrahedral, multi-faceted cells or combinations of the cubes far from
prismatic cells and truncated cubes close to the surface can be used.
Findings: To build a mesh mostly consisting of hexahedrons, the generator using the cutoff method is used.
Polyhedral meshes are built using the volume mesh generator based on the method of transforming the
tetrahedral meshes built by a special generator.
Research limitations/implications: The volume grid consists of polyhedrons and it is oriented to use for
finite-volume discretization of the system of Novye-Stokes equations.
Originality/value: These generators allow generating volume mesh models for the objects with random
geometry that makes them universal means for numerical simulation of the problems of aero-hydrodynamics.

Key words: LOGOS software package, unstructured meshes, boundary layer, automatic mesh generator.
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MOJIEJIMPOBAHUE COYJAPEHU JE®OPMHUPYEMBIX TEJI METOJ10M
CI'JIAZKEHHbBIX YACTHUII
N.b. baaxknosB
ORCID: 0000-0001-8087-2359 e-mail: idblazhnov@vniief.ru
JI.LH. KaGaeB
ORCID: 0000-0003-1739-4352 e-mail: dnkabaev@vniief.ru
1O.H. [leprorun
ORCID: 0000-0002-3955-775X e-mail: videryugin@vniief.ru
C.H. IToauuryx
ORCID: 0000-0002-7158-7393 e-mail: snpolischuk@vniief.ru
E.N. PsooB
ORCID: 0000-0003-1465-4235 e-mail: eiryabov@vniief.ru
OI'VII «POALI-BHUND Dy

B pabote npexncraBieHa 4UCICHHAs METOAMKA, IOCTPOCHHAs Ha OcCHOBe Meroxa SPH mms
MOJICJINPOBaHUs coyaapeHus nedopmupyemsix Tei. Mexonnas cucrema quddepeHnmanbHbIX ypaBHEHUH,
NpUBIIEKaeMasl JJsl ONMHMCAaHUS B3aMMOJCHCTBHS Je()OPMUPYEMBIX TeJ, Tle HEOOXOAMMO YYUTHIBATH
YIPYroIUIACTUYECKUE CBOWCTBA, COCTOMT M3 YPaBHEHMH Ia30BOi JNMHAMMKM U ypaBHeHMH [IpaHntiis-
Pelica omnuchiBaroleil mnoBeneHUE UIeaIbHOM yrpyro cpeasl. CucremMa ypaBHEHUH 3aMbIKAaeTCs
YpaBHEHHMEM COCTOSIHMSI, KOTOPOE JJIsl pacCMaTpUBaeMbIX BelecTB Oepercst B popme Mu-I'proHaiizena u
PEOJIOTUYECKMMH 3aBUCUMOCTSIMH JJIsS OIUCAHUs IMEpexXo/a U3 YIPYyroro COCTOSHHUS B ILIACTHYECKOE.
371ech UCHOB3YIOTCS ABE Mojenu: moaenb Museca u mognens [[xoncona-Kyka. /st mopenupoBaHus
mporecca paspylIeHHs MaTepuana HCIOIb3YeTCs MOJENb «XPYIKOro» oOTkona. s 4YHCIEHHOro
pelieHHs] ypaBHEHHH, ONMCHIBAIOIIMX MEXaHHYECKOe IIOBEJEHHE YIPYrOIUIACTHUECKOW Cpemsl,
[IOCTPOEHA IIOJHOCTHIO KOHCEpBAaTHBHAsl aIlllPOKCHUMAlLMsSl YpPaBHEHUN YIPYrOIJIACTUKUM METOAOM
CTJIa)KEHHbBIX YaCTHII.

PacueTHast MeToaMKa IpoBEpeHa Ha psijie TECTOB: 3aJjaud O COYAAPEHUHU ILIACTUH, TecT Telnopa u
3ajaud  OpoOuTHs yaapHUKOM mperpaa. [IpoBeiaeHo cpaBHEHHME C aAHATUTHYECKUM pEIIEHUEM, C
pELICHUsAMHU, MOJYyYEHHBIMU IO JIPYIMM METOAMKAM, U C AKCIEPUMEHTalIbHBIMU AaHHbIMU. [lonydeHo
Ka4eCTBEHHOE M KOJIMUYECTBEHHOE COIJIache Pe3yIbTaToB.

Knroueevie cnoea: MeTO 1 CrilaXKEHHbBIX YaCTHII, YIIPYTOIUIACTUKA, COYAAPEHUE

STRAINED BODIES COLLISION SIMULATION USING SPH METHOD
I.D. Blazhnov, D.N. Kabaev, YU.N. Deryugin, S.N. Polischuk., E.I. Ryabov
Russian Federal Nuclear Center — All-Russia Research Institute of Experimental Physics

Purpose: The paper presents a numerical method on the basis of SPH method to simulate collisions
of strained bodies. The initial system of differential equations implemented to describe interactions of
strained bodies where we need to account for elasto-plastic properties comprises gas-dynamic equations
and Prandtl-Reis equations that describe the behavior of the ideal elastic medium.

Design / methodology / approach: A system of equations is closed with the equation of state that is
taken in the Mie-Gruneisen form for the materials under consideration and with rheological dependencies
to describe the transition from the elastic to plastic state. Two models are used here: a von Mises model
and a Johnson-Cook model. A model of “brittle” spallation is used to simulate the material destruction
process.
Findings: A fully conservative approximation of equations with a smoothed particles method is created
for the numerical solution of the equations that describe the mechanical behavior of an elasto-plastic
medium.
Research limitations / implications: A computation method is verified using a number of tests: the
problems of plates collision, a Taylor test and the problem of the barrier penetration with the impactor.
Originality / value: The results were compared with analytical solutions, with the solutions produced
using other methods and with the experimental data. The results agree quantitatively and qualitatively.
Key words: smoothed particles method, elasto-plasticity, collision
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YUCJIEHHOE UCCJIIEJOBAHMUE B ITAKETE ITPOT'PAMM «JIOI'OC» BJIUSAHUSA
JIUAMETPOB KAIIEJIb BO/IbI HA TPOLECC OBJIEAEHEHUS
MPOPNJIS KPBIJIA NACAO0012
I'ananos H.T'.

ORCID: 0000-0001-9550-1994 e-mail: NGGalanov@vniief.ru
Kozeaxos A.C.
ORCID: 0000-0003-3247-0835 e-mail: ASKozelkov@vniief.ru
OI'VII PO BHUND®

O0nenenenue ABISIETCS OJHUM U3 OMACHBIX SBJICHHI, KOTOPOE CO3AaeT CEPhE3HYI0 MpoliIeMy s
0€30MaCHOCTH TOJIETOB TPAKIAHCKUX camojieToB. s yMEHbUICHHS TPYJ03aTparT MpU MPOBEACHUU
HKCIIEPUMEHTOB BHEIPSIOTCSI COBPEMEHHBIE YHCICHHBIC METOJIUKH PacdeToB oOneneHeHus. B maxere
nporpamm «Jloroc» peanu3zoBaHa METOAMKA, TO3BOJISIOIIAS TIPOBOAUTH PACUETHI 33a]1a4 00JICCHEHUSI.

B GonpmmHCTBE pabOT, KacaloMMXCS MOJCIUPOBAHUS OOJIENCHEHUS, TMOTOK JKHIKUX Karlellb
NPUHUMAETCS. MOHOAMCIIEpCHBIM. OHAKO B pealbHOCTH B O0JIaKax KaIUIM pachpenesieHbl XaOTUYHO U
UMEIOT pa3iIMyHble TuaMeTpsl. Peann3oBanHas meronuka pemenus 3anad odnenenenus B [1I1 «Jloroc»
MO3BOJISIET MCIIOJIB30BaTh KaK MPHUOJIMKEHNE MOHOAMCIIEPCHBIX Kareib, TaK U MPHOIMKEHUE CPEeNbl, B
KOTOPOW COJEPIKUTCS CIIEKTP YacTHIl C Pa3MYHBIMHU Jauamerpamu. Ha Habope TECTOBBIX pPacueTHBIX
MIOCTAaHOBOK TIPOBEJIEHO HCCIEIOBAHUE IO OIPEICIICHUI0 3aBUCHMOCTH ()OPM HAPOCTOB JbJA OT
JIMaMeTpOB HAOEralomMX BOJSHBIX Kareib. [IpuBeneHHbIe B paboTe pe3yabTaThl pacyeToB MOKA3bIBAIOT,
KaK JMaMeTp Karelb W TeMIepaTypa BIMAIOT Ha HapocT jbaa Ha npodmie kpsuia NACA0012, n kak
¢dopma HapocTa 3aBHCUT OT THIIa 00Pa3yIOIIErocs Jb/a.

PesynbraTel momydeHsl mpu (UHAHCOBOH MOANEpKKE HAUMOHAIBHOTO mpoekra «Hayka wu
YHUBEPCUTETBI» B paMKax mporpaMmbel MuHoOpHayku P® 1o co3ganuio MoiaoAExHbIX JabopaTopuii Ne
FSWE-2021-0009 (mayunas Tema: «Pa3paboTka YHCIIEHHBIX METOJOB, MOJEICH W aIrOpPUTMOB IS
ONUCAHUS TUAPOAMHAMHYECKUX XapAaKTEPUCTUK HKHUIKOCTEH M Ta30B B ECTECTBEHHBIX MPUPOIHBIX
YCIIOBHSIX, W YCIOBHSX (DYHKIIMOHHUPOBAHHS HHIYCTPUAIBHBIX OOBEKTOB B INTATHBIX M KPHUTUYECKHUX
YCIIOBUSIX Ha CYIEPKOMIBIOTEPax MeTadIoncHOro Kiaccay).

Knrwouesvie cnosa: naxer nporpamm «Jlorocy, obieneHenne, MOHOAUCIIEPCHBIE KaIUIH, SHIEPOB
MOJIXO/1

COMPUTATIONAL INVESTIGATION OF THE EFFECT OF THE DIAMETERS OF
WATER DROPLETS ON THE ICE ACCRETION OF THE AIRFOIL NACA0012 IN THE
«LOGOS» SOFTWARE PACKAGE

N.G. Galanov, A.S. Kozelkov
Russian Federal Nuclear Center — All-Russia Research Institute of Experimental Physics

Purpose: Using the icing tasks implemented to simulation, to conduct a study of the effect of
different droplet diameters on the formation of the ice growths at different temperatures. To evaluate the
possibility of using the Eulerian approach to solve icing problems.

Design / methodology / approach: When solving icing problems, the following are used 3D numerical
model based on Navier-Stokes equations and Eulerian approach for modeling water particle.
Findings: The examples of applying for ice accretion modelling is present by numerical validation tests
including different problem statements with different diameters of water particles.
Research limitations / implications: In the implemented algorithms of the Eulerian approach, liquid
particles do not collide with each other and do not break up. In the whole area, it is assumed that particles
are continues medium. The present research is allows to determine the limits of applicability of the
implemented algorithms of the Eulerian approach.
Originality / value: The value of the research consists of description the method for ice accretion
simulation, which combines the 3D-technique based on Navier-Stokes equations and Eulerian approach.
The diameters of water droplets in a continuous medium, modeled using the Eulerian approach, were set
both monodisperse and using distribution Langmuir.

Key words: «Logos» software package, ice accretion, monodisperse particle, Eulerian approach
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OI'VII «POAL-BHUUD D»

[TonroroBka K MPOBENCHUIO MOACIUPOBAHUSA (DU3UYECKHX IIPOIECCOB TEUCHHSI JKUIKOCTH W Ta3a
[IPY PELLICHUH 3a]a4 a3p0- U THAPOJUHAMUKHA COCTOUT U3 MOCIEN0BATEIbHON FEHEPALIMU TOBEPXHOCTHON U
00BEMHOM CETOK BBICOKOTO KadectBa. [Ipemporieccop makera mporpamm«Jlorocy mnpemocraBiser
BO3MOKHOCTH HCIOJIb30BaHUSI aBTOMAaTHYECKUX T€HEPATOPOB CETOK CIECAYIOIIMX THUIOB: MOBEPXHOCTHBIX
TPEYTOJIbHBIX; 00BEMHBIX METOJIOM OTCEUEHHs, TETPadJpalbHbIX, MHOTOIPAHHBIX Ha OCHOBE TETPadpOB,
00BEMHBIX IS MOJIEJIEN C TOHKOCTEHHBIMUA KOHCTPYKIMSIMH. ['eHepaTopbl 00bEMHBIX CETOK MPUHUMAIOT B
Ka4yeCcTBE BXOJIHBIX JAHHBIX MMOBEPXHOCTHYIO CETKY U MPEIBIBIAIOT K HEHl onpeieneHHble TPeOOBaHUS IS
BO3MOKHOCTH TIOCTPOCHMSI KAUE€CTBEHHOW pacyeTHOM Mozeid. B 3aBUCMMOCTM OT THIA TeHeparopa
OOBEMHBIX CETOK MEHSeTCS aJrOPUTMHUYECKAs TEXHOJIOTUS HUX TMOCTPOCHHS, UTO OOYCIIaBIUBaET
HEOOXOMMOCTh B 00pabOTKe ONpe/IeNIeHHbIX CHTYaINi ITPH MOCTPOCHUH TTIOBEPXHOCTHOH ceTkH. B pabore
MIPEICTaBICHbl BO3MOXHOCTU T'€HEpaTopa IOBEPXHOCTHBIX CETOK, PEATU30BAaHHBIC [JIs1 YCIICIIHOM
TeHepaluu OOBbEMHBIX CETOK C Pa3JIMYHBIMU TUIIAMHU S[UEEK JJIi MCXOJIHBIX MOJIETIeH C BO3MOMXHBIM
HAJIMYMEM KOHCTPYKTHBHBIX OcoOeHHOCTed. [IpoBeieH aHamm3, Kak KayecTBO U pa3Mephbl 3JIEMEHTOB
MMOBEPXHOCTHOM CETKH BIIMSIIOT HA IOCTPOEHUE PACUETHOM CETKH U BIOCIEACTBUU HA CaM PacyeT.

Knrwoueevie cnosa: MOBEpXHOCTHAs CETKA, pacueTHas CETKA, aBTOMATUYECKUM T'E€HEpaTop CETOK,
KayeCTBO SUCCK.

SURFACE MESH GENERATION FOR CFD COMPUTATION MODELS PREPARATION IN
«LOGOS» SOFTWARE PACKAGE
E.O. Evstifeeva, O.N. Borisenko, D.M. Pankratov, T.V. Tsalko, A.l. Shavkhitdinova
Russian Federal Nuclear Center — All-Russia Research Institute of Experimental Physics

Purpose: The paper describes the possibilities of the surface mesh generator implemented in «Logos»
software package for successful generation of volume meshes with different types of cells for any input
models with possible structural features.
Design/methodology/approach: Volume mesh generators use a surface triangular mesh as input data that
should satisfy the specific conditions to generate a high-quality computation model. The quality and the
sizes of elements of the surface mesh are analyzed in series of experiments as they influence the volume
mesh generation and the computation itself.
Findings: The paper describesthe tools to find the defects and repair them in the surface mesh generator to
produce a consistent mesh without defects that are critical for the volume mesh generator. Moreover, the
tools for additional treatment of certain situations within surface mesh generation in the context of its
preparation for a specified volume mesh generator are proposed.
Research limitations/implications: This surface triangular mesh generator is applied in computation
meshes preparation process in CFD.
Originality/value:The proposed possibilities enable the increased automation of computation mesh
preparation process and cutting down the engineer involvement. The analysis has revealed that the use of
the surface mesh generator increases the quality of computation meshes and successfulness of modeling on
the whole.

Keywords: surface mesh, computation mesh, automatic mesh generator, quality of cells.
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Poccwuiickuii @enepansubiii SAneprsbiii Llentp — Beepoccuiickuit HUU akcniepriMeHTasHOM (GU3HKH

B pamkax makera nporpamm Jloroc mist penieHus 3a1a4 a3po- U THAPOJUHAMUKHI pa3padaThIBAlOTCS
aBTOMATHUYECKUE TeHEPATOPbl HECTPYKTYPUPOBAHHBIX OOBEMHBIX CETOK C MHOTOTPAHHBIMHU 3JI€MEHTaMHU.
PacueTHbie ceTKH, MOCTPOSHHBIC aBTOMATHYECKUMHU T€HEPATOPAMH, HE BCETIa MOTYT OBITh HAJICIKAIIETO
kauecTBa. [Ipy 0CBOEHMH HOBBIX KJIACCOB PAacdeTOB, B CIyyae BOSHHUKHOBEHHMSI MPOOJIEM C MPOBEACHUEM
YHUCIIEHHOTO MOJICTUPOBAHUS, BOSHUKAET HEOOXOIUMOCTh MPOBEPUTh KOPPEKTHOCTh CTPYKTYPHI CETKH.
[ToaToMy BayKHO UMETh IPOTPAMMHBINA HHCTPYMEHT JIJISl OLIEHKH KaueCTBA CETOK U UX CTPYKTYPHI.

B nokmane npeacraBieHO TEKyIIEe COCTOSHUE MOJYJISI aHAIM3a KauecTBa HECTPYKTYPHUPOBAHHBIX
CETOK M3 MPOU3BOJIBHBIX MHOTOTPAHHUKOB, OMMCAHbl OCHOBHBIE METO/IbI MOJIYJIS aHAJN3a KauecTBa U €ro
(YHKITMOHATTLHBIC BO3MOYKHOCTH.

Metoapl  aHaiM3a KayecTBa CETOK MOTYT OBbITh  pa3felieHbl Ha TIeOMETpHUYecKHe U
TomnoJyiornueckue. TomoJornyeckue MeTo bl MOTYT OBITh HMCIOJB30BaHbI 0€3 BBIUYMCICHUS aKTyaJbHOTO
MOJIOKEHUS TOUYEK, B TO BPEMS KaK FT€OMETPHUUECKHUE — UMEIOT JIeJI0 ¢ (JOPMOIi SUeeK U TPaHUIICH.

B nactosiiee Bpemsi peanqn3oBaHO HECKOJBKO (PYHKIIMOHAIBHBIX BO3MOXKHOCTEH MOMYJIS:aHAIIN3
KauecTBa Ui pa3HbIX TUIOB SYeeK (Hampumep, AJi sYeeK MOTPAHUYHOTrO CJI0s) B IMPOIECCEe TOCTPOCHUS
CETKM TEHEpPAaTOPOM CETOK METOJIOM OTCEYCHHS, MOJIHBIA aHaJM3 KauecTBa CETOK IOCJIe MOCTPOCHHUS,
CpaBHEHHE KayeCTBa CETOK, IOCTPOCHHBIX Pa3HBIMU BEPCUSIMU F€HEPATOPOB.

B coorBercTBUM C HaWJACHHBIMH HEKAYECTBEHHBIMU JJEMEHTAMH, HMEETCS BO3MOXXHOCTD
KOPPEKIMU CETKU B TeHEPaTOpax HECTPYKTYPUPOBAHHBIX CETOK.

KuiloueBble cj1oBa: MHOTOrpaHHAs CETKa, aHAM3 KadyecTBa, METOJbI aHalW3a KadecTBa, IMaKeT
nporpamm «JIorocy.

METHODS TO ANALYZE THE QUALITY OF UNSTRUCTURED MESHES OF RANDOM
POLYHEDRONS TO SIMULATE AERO- AND HYDRO-DYNAMIC PROBLEMS IN «<LOGOS»
SOFTWARE PACKAGE
M. V. Kuzmenko, O. N. Borisenko, K. A. Blazhnova, T. E. Timaeva
Russian Federal Nuclear Center — All-Russia Research Institute of Experimental Physics
Purpose: When mastering new classes of computation in case some problems occur with numerical
simulation you may need to check correctness of the mesh structure. So, you have a tool to estimate the
quality of the computation meshes and their structure.The paper presents the current state of the module

for the quality assessment of unstructured meshes of random polyhedrons.
Design / methodology / approach: The methods to assess the quality of the meshes can be divided into
geometric ones and topological ones. Topological methods can be used without computing actual position
of the points, and the geometric ones deal with the shapes of the cells and boundaries.
Findings: There is a possibility of mesh correction in the generators of unstructured meshes according to
the elements of poor quality revealed.
Research limitations / implications:Several functionalities of the module have been recently
realized:quality assessment for different types of cells in the process of mesh generation with the cut-off
method, full quality analysis of the meshes after generation, comparison of the quality of the meshes
generated with different versions of generators.
Originality / value:original methods and algorithms to analyze the quality of unstructured meshes of
random polyhedrons

Key words: polyhedral mesh, quality analyze, methods of mesh quality, «Logos» software package
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YIYUYHIIEHUE KAYECTBA AYEEK ITPU IOCTPOEHUU ITOBEPXHOCTHBIX
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.M. IIankparos
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OI'VII «POAL-BHUND Dy

Jloknan mOCBAIIEH HOBBIM BO3MOYKHOCTSIM YIIYYIIEHHMS KayeCTBa SYEEK IOBEPXHOCTHBIX
TPEYroJIbHBIX CETOK JJisi 3a7ady TPEXMEPHOTO MOJEIUPOBAHUS a’dpO- U TUAPOAUHAMUKH B IaKETe
nporpamm «Jloroc». Mcnonp3yroTcsi MeTOAbl, OCHOBAaHHBIE Ha JIOKAJbHBIX mepecTpoeHusx. llowck
TPEYroJIbHUKOB, TPEOYIOIIUX MEePEeCTPOCHUS, MPOBOAUTCS HA OCHOBE KPUTEPHUEB: KauecTBa SUYCHKH,
COOTBETCTBHUSl AYEHKHM 3alaHHOMY JUANa3OHy pa3MepoB, COOTBETCTBUS pa3Mepa SYEHKU KpPUBU3HE
ONMCBIBAEMOU TOBEPXHOCTH.

IIpuBoauTCS cx€Ma HUCIOIB3YEMOIO B MPENOCTIPOLECCOPE METOJA IMOCTPOCHMS TOBEPXHOCTHOMN
TpeyrojapHOU ceTku. Omnucad mpouecc (GOpMHPOBAHUS U JIOKATHHOTO TEPECTPOCHHS BBIICICHHBIX
oOnacTeil MpH TMOMOIIM TeHepaTopa IOBEPXHOCTHBIX TPEYTONbHBIX CETOK. IIpeacTaBieHbl 3Tarbl
QITOpUTMA YITYYIICHUS KAauecTBa SYEEK JIOKAThHBIM TepecTpoeHueM obmacteld. [IpuBeneHbsl mpumepbl
YIIYYIIEHUS] CETOK JJIs psJa NPOU3BOACTBEHHBIX 3a/1a4.

[IpencraBnenHsie B JIOKJIANE METOJbI IO3BOJIAIOT 3HAYUTEIIBHO COKPATUTh KOJUYECTBO
TPEYrOJbHUKOB HH3KOrO KadecTBa U YCTPAHUTh M30BITOYHYIO MOAPOOHOCTH [UJIsl TOBEPXHOCTHBIX
TPEYTOJIbHBIX CETOK.

Kniouegvie cnoea: mnaxer mnporpamm <«Jloroc Aspo-I'mapo», TreHepatop NOBEPXHOCTHOM
TPEYroJIbHOM CETKH, KAYECTBO CETKH, KpUBU3HA, pa3Mep TPEYTrOIbHUKA.

CELL QUALITY IMPROVEMENT DURING TRIANGULAR SURFACE MESH GENERATION
IN LOGOS SOFTWARE PACKAGE PREPOSTPROCESSOR FOR CFD ANALYSIS
D.M. Pankratov
Russian Federal Nuclear Center — All-Russia Research Institute of Experimental Physics

Purpose: A surface mesh quality improvement approach in «Logos» software package is considered.
Design / methodology / approach: Local remeshing based methods are used. Remeshing regions are
being formed with respect to criteria of cell quality, cell size compliance with size range and with surface
curvature.
Findings: New approach to improve mesh quality and curvature compliance is proposed. The process of
region forming and remeshing is described/
Research limitations / implications: Described approach is suitable for triangular surface meshes used
for volume mesh generation and on further steps.
Originality / value: The result of mesh quality improvement stage is compliance enhancement of the
triangle size to the surface curvature and reduction of the number of low-quality triangles and excess
mesh details.

Keywords: «Logos» software package, triangular surface mesh generator, mesh quality, curvature,
triangle size.
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Hwuxeropoackuii rocyaapcTBEHHBIN TeXHUYECKU yHUBepcuTeT uM. P.E. AnekceeBa

['pebHOI BUHT sABIsIeTCS HauboJiee PaCHpPOCTPAHEHHBIM THUIIOM CYIOBBIX IBHKUTeNeH. OObIUHO
€ro paboTa OCYILIECTBIISIETCS B YCIOBUSIX JOCTATOUHOIO IOTPYKEHHUS, OHAKO B IPOLIECCE IKCILTyaTalluu,
HaIpHUMep, B YCIOBUSX MOPCKOTO BOJIHEHHUS MPHU KaYKe CyJHA MOXET BO3HUKHYTh CUTYaI[Usl, KOTrJla BUHT
OKa3bIBAE€TCS B YCIOBUAX Mayoro norpyxenus. Hacrosias pabdora HOCBsIlIEHA UCCIECJOBAHUIO TaKUX
PEKUMOB C TIOMOIIbIO YHUCIEHHOTO MOJETUpOBaHUsA. MHCTPYMEHTOM YHMCIEHHOTO MOJEIUPOBAHUS
aBJIgeTcs nakeT nporpamMm «JIorocy.Mcnonp3yemass maremMaTHueckasi MOJIENIb OCHOBAHA HA TPEXMEPHOM
cuctreme ypaBHeHuil HaBbe-CtTokca, ocpenHeHHBIX Mo PeitHonmbacy. Jlns mopenupoBaHUsS BOJIHOM
noBepXHOCTH TpuMeHsercss meron VolumeofFluid. Bpamenue BHHTOB peaan30BaHO € TOMOIIBIO
CKOJIB3SIIIMX PACUYETHBIX CETOK C JUHAMUYECKHMMH HE COCTHIKOBaHHBIMU HHTepdeiicamu. B pabote
coJiepKaTcsl 3a/ayd BaJUJallMM UCIOJIb3YEeMONH METOJUKHU YHUCICHHOIO MOJEIMPOBAHMS, IpPEICTaBICHA
OLICHKA BIIUSHUS TTyOUHBI IOTPYKEHHSI HA OCHOBHBIE THJIPOJUHAMHYECKHE XapaKTEPUCTHKU IS OJHOMN
U3 KOHUTypaluid BHHTA, MPUBOJIUTCS CPABHEHHWE KPHUBBIX JEHCTBHS MOJENIH TPeOHOTO BHHTA IIPH
paboTe B CIIOKOIHOM BOJIE U B YCIOBUSAX MOPCKOTO BOJTHEHHUS.

PesynbraTel momydeHsl mpu (UHAHCOBOH MOANEpKKE HAUMOHAIBHOTO mpoekra «Hayka wu
YHHUBEPCUTETHI» B paMKax mporpamMmmbel MunobpHayku P® no coznanuio MonoaéxHsIx adopatopuii No
FSWE-2021-0009 (nmayunas Ttema: «Pa3paboTka YHCIIEHHBIX METOJOB, MOJEICH W alTOPUTMOB JUIS
OMHCAaHUS TUIPOAMHAMUYECKUX XapAaKTEPUCTHK >KUAKOCTEH M Ta30B B ECTECTBEHHBIX MPUPOTHBIX
YCIIOBHSIX, W YCIOBHSX (DYHKIIMOHHUPOBAHHS HHIYCTPUAIBHBIX OOBEKTOB B INTATHBIX M KPHUTUYECKHUX
YCIOBUSIX Ha CYNEPKOMITbIOTEpax MeTaduioncHOro Kiacca»)u mpu mnojaepxkke rpanta I[lpesumenta PO
TS IO Iep>KKK HaywHbIX mkon HI-70.2022.1.5.

Knrouesvie cnosa: BbruMcIuTENbHAS THAPOJAUHAMUKA, OCpPEIHEHHBIC 110 PeiiHONBACY ypaBHEHUS
Hagbe-Crokca, Volumeof Fluid, rpeOHoi BUHT, makeT nporpamm «JIorocy

NUMERICAL STUDY OF THE INFLUENCE OF WATER SURFACE ON THE
HYDRODYNAMIC PERFORMANCE OF A PROPELLER
K.S. Plygunova, A.S. Kozelkov, V.V. Kurulin
FSUE «RFNC-VNIIEF»
Nizhny Novgorod State Technical Universityn.a. R.E. Alekseev

Purpose: This article is intended to research the influence of water surface on the hydrodynamic
performance of a marine propeller bymeans numerical modeling.
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 (Volume of Fluid) method. The
Reynolds-averaged Navier-Stokes equations are discretized using finite volume method (FVM), and
solved by SIMPLE method. The rotation of the propeller is ensured by sliding mesh technique with
general gridinterface (GGI). The numerical simulations were conducted in «Logos» software package.
Findings: The influence of propeller immersion depth on thrust coefficient, torque coefficient, and
efficiency is estimated. The comparisonof the hydrodynamic performance of the propeller in calm water
and in regular waves is also presented.
Research limitations/ implications: The present article provides a starting-point for further research of
marine propellers operation underdifferent conditions.
Originality/value: The paper presents the original results of the simulation of marine propellers
operation.

Keywords: computational fluid dynamics, Reynolds-averaged Navier-Stokes equations, Volume
of Fluid, marine propeller, «Logos» software package
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POAIL-BHUUDD

B Hacrosimee BpeMsi OOJIBIION HMHTEpEC C MPUKIATHON W (YHIAMEHTAIBPHOW TOYKH 3PECHHS
MIPEJICTaBIISIET HCCIeA0BaHNE MHOTO(DA3HBIX TEUEHUHN CO CBOOOIHOM MOBEPXHOCTHIO C YIETOM MPOI[ECCOB
KUIIEHUSI U KOHAeHcaruu. B pamkax manHo# pabotsl Ha 6aze Il «Jloroc» Ha ocHOBe MeTona 0oObeMa
KHUJIKOCTH OBLITU PEaTM30BaHbI TPU MOJICIH YHUCICHHOTO pacdeTa YKa3aHHbBIX MPOIECCOB, OTIIMYAIOIITHECS
CIoco0OM pacyeTa MacCOBOI'O TIOTOKA Yepe3 TpaHuIly pasjiena KUIAKOCTh-Ta3. [IpoBeneHo TectupoBanue
YKa3aHHBIX METOJMK Ha psAe 3aJad W3 OTKPBITHIX HMCTOYHHWKOB: 3amgada CredaHa o JIBHIKESHUU
uHTepdeiica, 3aa4a 0 BCIUIBITUM MY3bIpbKa Mapa B TOJIIE XHUAKOCTU M 33/a4a O POCTE U BCIUIBITUU
My3bIpbKa T1apa B BOJEC B NMPUCYTCTBUU TOJOTPEeBAacMON CTCHKHU. [IpuWBEICHBI pe3ysbTaThl PacueToOB,
aHaJlM3 TMPUMEHMMOCTH PEalM30BaHHBIX MOJIENEN K PEIICHUI0 YKa3aHHOro Kiacca 3ajiad, a TaKxke
CPaBHHUTEIBHBIA aHAIU3 JOCTOMHCTB M HEJJOCTATKOB UCCIICAYEMbIX MOJICITICH KUTICHHS.

Pesynbrarel moiydeHsl Mpu (UHAHCOBOM MOJJCpKKE HalMOHANBHOro mpoekta «Hayka u
YHHUBEPCHTETBI» B paMKax IporpamMMmbl MuHoOpHayku P® mo coznanuto Monoaé&xHbIX gadoparopuid Ne
FSWE-2021-0009 (nmayuynas tema: «Pa3pa®oTka YHCIEHHBIX METOJOB, MOJENECH U alrOpUTMOB IS
ONMHMCAHUs TUIPOAMHAMHYECKUX XaPAaKTCPUCTHK JKUIAKOCTEH M Ta30B B CCTECTBEHHBIX IPUPOTHBIX
YCIOBUSIX, U YCIOBUAX (DYHKIMOHHUPOBAHUS HHIYCTPHAIBHBIX OOBEKTOB B IITATHBIX U KPUTUYECKUX
YCIIOBUSAX Ha CYMEPKOMITHIOTEPAX META(IIONICHOTO KJIacca») W MpHU Mojuepkke rpanta [Ipesunenta PO
Ui oAiep>kku HayuHbix mikon HII-70.2022.1.5.

Kniouesvie cnoea: BuMUCIUTENbHAS TUAPOJUHAMUKA, OCPEAHCHHBIE 1O PeliHONBACYypaBHEHUS
Hagsne-Crokca, VolumeofFluid, kunenue, ¢ha3oBslit mepexo, maker mporpamm «Jloroc»

THREE-DIMENSIONAL SIMULATION OFMULTIPHASE FLOW WITH FLUID FREE
SURFACE WITH BOILING PROCESS
A.Yu. Puzan, A.S. Kozelkov, V.V. Kurulin, N.V. Tarasova
Russian Federal Nuclear Center — The All-Russian Research Institute of Experimental Physics

Purpose:This article is intended to researchboiling process bymeans numerical computer simulation.
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 and source term of mass flux.
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:Investigate a question applicability andstability of methods of calculation source term of mass
flux.
Research limitations/implications:The present article provides a numerical method for interface-
resolved simulations of boilingfluidflows based on the VOF method.
Originality/value: The paper presents the original results of the simulation ofboiling bubbles.

Keywords: computational fluid dynamics, Reynolds-averaged Navier-Stokes equations, Volume
of Fluid, boiling, «Logos» software package
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YK 532
METOIUMKA PEHIEHUSA 3AJAY ADPOJIMHAMUKHU C TIOABUKHBIMU T'PAHUIIAMU B
INAKETE ITPOT'PAMM «JIOI'OC»
A.B. Capa3zos
ORCID: 0000-0002-1143-8978 e-mail: AVSarazov@vniief.ru

A.C. Ko3eakos

ORCID: 0000-0003-3247-0835 e-mail: ASKozelkov@vniief.ru
P.H. ’Kyukos

ORCID: 0000-0003-2252-6612e-mail: RNZhuchkov@vniief.ru

OI'VII «PDALI-BHUND Dy

[IpoexTupoBanue COBPEMEHHBIX JIeTaTeNbHBIX anmnaparoB CONPSHKEHO c
YCIIO)KHEHUEMKOHCTPYKLIMM M YCJIOBHM S3KCIUTyaTallud, 4To TpedyeT KadecTBeHHOro mporuosza AJIX
JIA.B Hacrosimiee BpeMs HAET NOCTOSHHBIA TIOMCK aJIbTEPHATHUBHBIX BApPUAHTOB TEXHOJOTUHU
IIPOEKTUPOBAHMSI, COKpAIIAIOIIMX YHUCIO HATypHBIX HUcObITaHud. OjHa U3 aJbTEpHATUB —
BBIUYHCIIUTENbHBIN SKCIIEPUMEHT, KOTOPBIN 3aHUMaeT BCE OoJibliiee MeCTO B mpolecce pazpadbotku JIA.

[Taker mporpamm «JIoroc» mnpenHasHadeH WId PELICHMs 3a7ad WHXKEHEPHOro aHanusa. i
YUCJIICHHOTO MOJEIMPOBAaHUS 3a/ad a3pOJMHAMHUKHM C MOJBWXHBIMU TpaHuMLaMH B nakere «Jloroc»
MPUMEHSIOTCSI METOJIMKU pacuéra Ha NeOPMHUPYIOIIUXCS CETKaX ¢ COXPAHEHUEM TOIIOJIOTHUH CBSI3EH U
CETKHU C MEPEeKphITHsIMU. BbIOOp MOIX01a YUCIEHHOTO MOAETUPOBAHUS OINPEIeseTCsl HeMOCPEACTBEHHO
[IOCTAaHOBKOM 3a7auu. TeM He MeHee, B psle 3a/1ay NPUXOJUTCS UCII0JIb30BaTh 00a MOAX0Aa COBMECTHO
JPYT C IPYTrOM C LE€JIbI0 KaU€CTBEHHOI'O ONMCAHUS HATYPHOT'O SKCIIEPUMEHTA.

PesynbpTarel mosydeHsl mpu  (DMHAHCOBOW MOMAJEPKKE HAIIMOHAIBHOTO TpoekTta «Hayka wm
YHHUBEPCUTETHI» B paMKax mporpamMmmbel MunoopHayku P® no cozmanuio MonoaéxHsIx adopaTopuii No
FSWE-2021-0009 (mayunas Tema: «Pa3paboTka YHCIIEHHBIX METOJOB, MOJEICH W alrOpuTMOB JUIS
OMMCAHUsl TUJPOJMHAMHYECKUX XapAKTEPUCTHK >XHMJIKOCTEM M Ta30B B €CTECTBEHHBIX MPHUPOJHBIX
YCIIOBHSIX, W YCIOBHSX (DYHKIIMOHHUPOBAHHS HHIYCTPUAIBHBIX OOBEKTOB B INTATHBIX M KPHUTUYECKHUX
YCIOBUSIX Ha CYNEPKOMIIBIOTEPAX MEeTa(IONCHOTO KIacca).

Knrwoueswvie cnosa: cetku ¢ IEpeKphITHIMY, 1ehOpMAIHs CETKH, JICTATEIbHBIN ammapar.

A TECHNIQUE FOR SOLVING AERODYNAMIC PROBLEMS WITH MOVING
BOUNDARIES IN THE «LOGOS» SOFTWARE PACKAGE
A.V.Sarazov, A.S. Kozelkov, R.N. Zhuchkov

Russian Federal Nuclear Center — The All-Russian Research Institute of Experimental Physics

Purpose:The approaches of numerical modeling of aerodynamic problems with moving boundary
conditions are considered. The article discusses two approaches implemented in the «Logos» software
package.

Design / methodology / approach:Deformation of the computational grid can be done in several ways.
In the case of small changes in the shape or position of the boundary conditions, a reasonable choice is
the mesh deformation approach with the connection topology preserved. For large deformations the
approach based on grids with overlaps is used. For a number of tasks, both approaches can be used
together.
Findings:The developed calculation method demonstrates the correctness of numerical schemes for
typical problems of the aviation industry.
Research limitations / implications: The implemented numerical schemes and algorithms can be applied
at the design stage of modern aircraft.
Originality / value:The article proposes an original algorithm for pairing two or more meshes with
overlaps. The specified algorithm is universal for any types of grids. The implementation of the algorithm
is based on Boolean algebra. The issues of contact and intersection of the boundaries of the wall type of
different computational grids are discussed.

Key words: meshes with overlaps, deformation of amesh, aircraft
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YK 551.46
MNPOSABJIIEHUE HYHAMMU B YCTbBSAX PEK
N.C. Kocrenko
ORCID: 0009-0008-8630-1555e-mail: i.kostenko@skbsami.ru
OI'bYH CneunanbHoe KOHCTPYKTOPCKOE OI0PO CPEeICTB aBTOMATH3AIMKA MOPCKUX SIBICHUN
JlanpHEeBOCTOYHOTO OT/eNIeHUs1 Poccuiickoi akaieMun HayK

B pabore mpencraBieHsl ciydau NposiBiIeHHs I[yHaMu Ha nobepexbe o. Caxanun. [IpoBeneHHbI
aHaJIM3 HAOMIOACHMI MTOKAa3aJl, YTO IIyHAaMH HEOJHOKPATHO MPOHHUKAIH B peku. PaccMoTpeHo nposiBiieHne
ucropuueckux mnyHamu (Moneponckoro 05(06) centsops 1971 roga u HeBenbckoro 02 aerycra 2007
roga) B yCThsiX pek. Ilpu 3TOM HaONIOACHUS WMENU CIy4YalHBIA XapakTep, MO3TOMY I[yHaMH MOTJIA
NpOSBUTbCS M B JApyrux pekax. [lomumo »3TuUX coObITHII Ha paccMaTpuBaeMoM MoOepekbe
3apErHCTPUPOBAHBI CIIy4ad IIyHAMHU, KOTOPBIC JOCTATOYHO CHIIBLHO TPOSBUINCH HA OCTPOBE W TaKKe
MOTJIM MPOSIBUTHCS B peKax, ecyid Obl HAOIO/IEHUsI B HUX BO BpeMs MPUXOJa IIyHAMHU WIH cpa3y Ioclie
COOBITHSI IPOBOIUIIHCE.

UucieHHbIe pacueThl BBIMOIHEHBI ¢ TOMOIIbI0 BerarciuTenbHoro komriekca NAMIDANCE.C ux
MTOMOIIBIO BBISBIIEHA BO3MOXKHOCTH TIOSIBIICHUSI BOJH B Pa3HBIX pekax.PacueTsl mokazaid, 4To IyHaMu
MOKET NMPOHUKHYTH MO PYCIYy PEKHU JOCTATOYHO Janeko. CTOUT OTMETHUTh, YTO MOCTYILIEHUE MOPCKHX
COJICHBIX BOJI B TIPECHBIC Pycila HEPECTOBBIX PEK, MOXKET CIIPOBOIMPOBATH HEXKEIATEIHHBIC TIOCIICICTBHS.

[IpoBeneHo MoaenupoBaHue 3axo/a yHamu B peky Jlonatuaka. OHO O3BOJISIET OLEHUTH BBICOTY U
JAILHOCTh €r0 TPOHUKHOBCHHS. BBISIBICHBI OCOOCHHOCTH pPACIPOCTPAHCHHSI BOJHBI C Y4ETOM
BCTPEUHOr0 MOTOKa. [l ompe/iesieHrs BIUSHUS HATUUUS PEKU HA BBICOTY HAOII0JaeMOro IyHaMH ObLIH
MIPOBEJICHBI YMCICHHBIC PACUETHI C UCIIOIH30BAaHUEM OATUMETPUU C PEKOH U 0e3 Hee.

Knroueswie cnosa: niynamu, ycTbsl peK, YUCICHHOE MOJienupoBanue, 0. CaxainH

MANIFESTATION OF A TSUNAMI IN THE ESTUARIES OF RIVERS
1.S. Kostenko
Special Research Bureau for Automation of Marine Researches Far East Branch Russian Academy of
Sciences
Purpose:The purpose of the study is to analyze observations of tsunami manifestations on the coast of
Sakhalin Island, paying special attention to their manifestation in rivers. To carry out numerical
calculations of tsunami propagation, as well as to identify the features of their manifestation on the
seashore and in the river.
Design/methodology/approach:The analysis of tsunami observations on Sakhalin Island was carried out.
Special attention is paid to the events that manifested themselves in the mouths of rivers. For a better
understanding of the features of tsunami propagation in the sea and river, numerical calculations were
performed using the NAMI DANCE computing complex.
Findings: The features of the manifestation of historical tsunamis in the estuaries of rivers are considered:
Moneron 05 (06) September 1971 and Nevelsk 02 August 2007. The calculations carried out in the
Lopatinka River showed that a tsunami can penetrate far enough along the riverbed. The analysis of the
features of the tsunami manifestation in the river and the coast adjacent to the mouth is carried out. It was
revealed that in addition to the events of 1971 and 2007, cases of tsunamis were recorded on the coast
under consideration, which were quite strongly manifested on the island and could also manifest
themselves in rivers if observations were made in them during the arrival of the tsunami or immediately
after the event.
Researchlimitations/implications: The study is limited by the availability of detailed real coastal and
river bathymetry. Nevertheless, the results obtained can be used to analyze the features of tsunami
propagation in rivers.
Originality/value:The conducted studies show the possibility of a tsunami in rivers even in the absence
of their registration. The conducted simulation of the tsunami entering the Lopatinka River allows us to
estimate the height and range of its penetration. The features of wave propagation taking into account the
oncoming flow are revealed. To determine the effect of the presence of a river on the height of the
observed tsunami, numerical calculations were carried out using bathymetry with and without a river.The
conducted studies can be used to assess the tsunami hazard of riverbed parts.
Keywords: tsunami, estuaries, numerical simulation, Sakhalin Island
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HYHAMMU BBJIN3U OCTPOBA CAXAJIMH
OT OIOJI3HSA B KYPUJIBCKOM BITAIMHE
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ORCID: 0009-0001-5576-0304 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

CaxanuHckasg o0JacTh pacrojiokeHa B Ipezenax TuxookeaHCkoro ceiicMuueckoro nosica. Kak
u3BecTHO Oonee 50% 3emieTpsacenuii, HabarogaeMbIX B Poccuu, mpoucxonuT UMEeHHO 31ech. CelicMomoru
BBIZICJISIFOT B TIpeJieiax 00JacTH JBa CEMCMOAKTUBHBIX perrnoHa — Caxanmuackuid U Kypuino-Oxotckuii. B
HacTosiiee Bpems ceBepHbl CaxallvH M 3anajgHas yacTb cpenHero CaxajauHa CUMTAIOTCS pailloHaAMH ¢
BBICOKMM YPOBHEM CEHCMHYECKOM ONACHOCTH. B 1OaHHOM HCCIeOBaHMM pPacCMaTpuUBaeTCs IOro-
3anagHbeli pailoH CaxaJlMHCKOTO OCTPOBAa, KOTOPBIM BBI3bIBAET HEMOIJCIBHBII MHTEPEC B CBA3H C
pacrionioxkeHue Hedrebda3 M NPOXOKICHUA HEPTENPOBOAOB B pailloHE BO3MOXKHBIX JIOKAIM3ALUN
oron3Heil. [IpoBeneHo uMCIEHHOE MOACTUPOBAHME BOJH I[yHAaMH, OOpPa30BaHHBIX OT IOJBOAHOIO
onomsHs B KypuibCkolM KOTIOBHHE B paMKaX yIPYyro-IjIacTHYECKOM MOJEIHM, a TaKKe CpPaBHEHHE
[IOJIyYEHHBIX PpE3yJAbTaTOB C pE3YyJIbTaTaMM MOJECIUPOBAHMS IYHAMH, OOpa30BaHHBIX OT TOU 1€
JIOKQJIN3alMK OIOJI3HEBOTO TENA, PACCYUTAHHOIO B pAMKaxX TBEPAOTEIBHON CETMEHTAPHON MOZEIIH.

Knrouegwvie cnoea: uuciieHHOE MOAETUPOBAHUE, ONIOJI3EHb, I[yHaMH, CETMEHTapHasi TBEPA0TEIIbHAS
MOJI€JIb, YIIPYTO-IUIaCTUYECKast MoJeNb, Kypuiibckasi KOTIIOBHHA.

TSUNAMI NEAR SAKHALIN ISLAND
FROM A LANDSLIDE IN THE KURIL DEEP
Okunev D.A, Mazova R. E.
Nizhny Novgorod State Technical University n.a. R.E. Alekseev

Purpose: This article considers the possible occurrence of a tsunami in the Sakhalin region from an
underwater landslide using numerical simulations.
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 the elastic-plastic model.
Findings: Various areas of landslides located in the Kuril basin are considered. When considering the
problem of tsunami wave generation in the framework of an elastic-plastic model, a possible generation
and propagation of tsunami waves in the Kuril Basin was obtained.
Research limitations/implications: This article is a continuation of further studies of the tsunami in the
area of the Kuril Basin.
Originality/value: The calculations have not been carried out previously in the regions under study, so in
this case we obtained fundamentally new data.

Keywords: numerical simulation, landslide, tsunami, segmental solid model, elastic-plastic model,
Kuril basin
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METOJI HECTALIUOHAPHOMN AHAJIOI' MU B 3AJJAYE O KATAMAPAHE

10.®.0OpJuioB
ORCID: 0009-0006-8533-8378 e-mail: yorlov@mts-nn.ru
A.M.CuneJbHUKOB
ORCID: 0009-0004-4556-136X e-mail: asidelnikovlll@gmail.com
B. . Ilyapux
ORCID: 0009-0001-9919-2756 e-mail: Vshudrik@gmail.com
T.H.SIxoBj1eBa
ORCID: 0009-0008-0216-681X e-mail: tamara.yakovleva0O0l15@mail.ru
Huxeropoackuii rocynapcTBeHHbIN TexHu4eckuil yausepcureT um. P.E.AnekceeBa

HecranuonapHas aHanorus CTallMOHAPHOI'O JIBWKEHUS YIUIMHEHHBIX TEJ, KOTJa CTallMOHAapHOE
IBUKCHHE Tejla C IIOCTOSIHHOW CKOPOCTBIO B TPEXMEPHOM IIPOCTPAHCTBE PACCMATPHUBAIOT KAK IUIOCKYIO
HECTAlMOHAPHYIO 3a/lady M3MEHEHHUS BO BpeMeHH (OpMBI KOHTypa Teja B IONEPEYHOM CEUYCHHH,
UCIIOJIb3YETCS ISl UCCIIEI0OBAaHUS THIPOJMHAMUYECKUX XapaKTEPUCTUK KaTamapaHa. Kpaesas 3anada i
ypaBHeHus Jlannaca cBefieHa K MHTErpajJbHOMY ypaBHEHHIO BonbTeppa Tuna cBEpTka ¢ NepUOAUUECKUM
AIpOM, U1 KOTOPOro HaiieH oOpaTHBIM omepaTop B cCilydasx Oe3ylapHOro0 M yJapHOrO HOrpPY>KEHHs
KOHTYpOB. B COOTBETCTBUM € 3THM pacCMOTPEHBI BOJAOM3MELIAIOIINN U TNIMCCUPYIOUINI KaTamMapaHBbI.
[Tomydyensl 3aBUCMMOCTM OT uucia @Dpyna BOJHOBOIO CONPOTHBICHHS U (OPMBI  BOJIHOBBIX
MIOBEPXHOCTEH MpPU Ppa3IMYHbIX 3HAYEHHUSAX KIUPEHCA JJI BOJOM3MEIIAIOIIEr0 M INIHCCHUPYIOIIEro
KaTaMapaHoB.

Knirouesvie cnoga: HectanyionapHasi aHajuorusi, CTallUOHApHOE JIBM)KEHUE, KaTamapaH, BOJHOBAs
IIOBEPXHOCTb.

THE METHOD OF NON-STATIONARY ANALOGY IN THE PROBLEM OF THE
CATAMARAN.
Y.F. Orlov, A.M. Sidelnikov, V.D. Shudrik, T.N. Yakovleva.
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The non-stationary analogy of the stationary movement of elongated bodies, when the
stationary movement of a body with a constant velocity in three-dimensional space is considered as a
planar non-stationary problem of changing in time the shape of the body contour in the cross section, is
used to research the hydrodynamic characteristics of a catamaran.
Design/methodology/approach: The boundary value problem for the Laplace equation is reduced to the
Volterra integral equation of the convolution type with a periodic kernel, for which the inverse operator is
found for the cases of shock-free and shock-dipping contours.
Findings: Water-displacement and gliding catamarans are considered. Dependences on the Froude
number of wave resistance and the shape of wave surfaces at different values of clearance for water-
displacing and gliding catamarans are obtained.
Research limitations/implications: The present article is an intermediate point in further research on the
hydrodynamic characteristics of the catamaran.
Originality/value: Improving the "physical qualities” of hydraulic engineering, in particular, catamarans,
seaplanes, which can subsequently significantly increase their efficiency.

Keywords: Non-stationary analogy, stationary movement, catamaran, wave surface
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NCCIEAOBAHUE TEXHUYECKHUX XAPAKTEPUCTHUK NOJINYPETAHOBBIX
NAJINMHAPUYECKHUX ITPOYHBIX KOPITYCOB IJISI UBMEPUTEJIBHBIX CUCTEM B
MOPCKOM CPEJIE
IMakA. X.

ORCID: 0009-0005-1257-1032 e-mail: a.pak@skbsami.ru

OI'bYH CneunanbHoe KOHCTPYKTOPCKOE OIOPO CPEICTB aBTOMATH3AIMK MOPCKHX SIBICHUI
JlanpHEeBOCTOYHOTO OT/IeNIeHUs1 Poccuiickol akaieMUn HayK

Huxeropoackuii rocyapcTBeHHbIN TexHUueckuil yaHuBepcuteT uM. P.E. AnekceeBa

Llens nanHOW paboOTHl SABISETCS HCCIENOBAaHHE XapPaKTEPUCTUK MPOYHBIX IMIMHAPHYECKUX
KOPITyCOB, NpeIHa3HAYEHHBIX JUIs paboThl B arpeCCUBHOM MOPCKOH cpele B COCTaBE€ M3MEPUTENIbHBIX
cucreM. [ljis mpoBeieHUs UCTIBITaHUH OBLT BEIOpaH MaTepual — noaunyperan BC8782.

Jls 3TOro ObLIA NMpOBEIEHA cepus Ja0OPATOPHBIX SKCIIEPUMEHTOB U YMCICHHOTO MOJEIUPOBAHMS JUIS
OLICHKU BJIMSIHUS BHELTHETO BO3ACUCTBUS MOPCKOM cpelibl Ha (PU3MUECKUE TapaMeTphl.

B pesynbrate nonydeHus xopouas anpoOanus pe3yiabTaToB YUCICHHOTO MOJCINPOBAHUS C HAaTypHBIMU
skcriepumenTaMu corinacHo ['OCTam. B nanpHeliem mianupyercss IpoBe€HUE HATYPHBIX UCIIBITAHUN B
OXO0TCKOM MOpE B paMKax U3MEPHUTEIbHBIX CUCTEM 3KOJIOIMYECKOI'O0 MOHUTOPHHTA.

Knwouesvie cnosa: mMaremMaTHuyeckoe — MOJEIMPOBAHME, JAa0OPAaTOPHBIE  UCCIIENOBaHMI,
MOJIMYpETaH, KOPIyC, IPOYHOCTh

STUDY OF TECHNICAL CHARACTERISTICS OF POLYURETHANE CYLINDRICAL
STRONG HOUSINGS FOR MEASURING SYSTEMS IN THE MARINE ENVIRONMENT
Pak. A. K.

Special Research Bureau for Automation of Marine Researches Far East Branch Russian Academy of
Sciences
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: Investigation of the characteristics of strong cylindrical hulls designed to work in an aggressive
marine environment as part of measuring systems. The material chosen for the tests was polyurethane
BC8782.
Design/methodology/approach: A series of laboratory experiments and numerical simulations were
carried out to assess the impact of the external impact of the marine environment on the physical
parameters.
Findings: As a result of obtaining a good approbation of the results of numerical modeling with full-
scale experiments according to GOST.
Research limitations/implications: For a full-fledged analysis, it is necessary to collect statistics.
Originality/value: The design of durable polyurethane housings significantly reduces the material and
financial component in the development of environmental monitoring systems, as well as simplifies the
technological process for their manufacture.

Keywords: mathematical modeling, laboratory studies, polyurethane, housing, strength
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Huxeroponckuii rocynapcTBeHHbIN TexHU4Yeckuil yHuBepcurer uM. P.E. Anekceepa

B Hactosimedl pabore uccienyercs Mpolecce IepepaclupencieHus] YHEPruH JIOKAJIHM30BaHHOTO
BOJIHOBOT'O IaKeTa B TPEXCIONHOM KMIKOCTHUIPU €ro TpaHc(opMalMUHAA JOHHBIM YCTYIIOM, BBICOTA M
[IMPUHA KOTOPOTO BAPHUPYETCSl B CEPUH YMCICHHBIX SKCIIEpUMEHTOB. Habop 3HaueHUIATHX MapaMeTpoB
ycTyna MpeanojaraeT pasjiuyHble CLEHapuu TpaHC(OpMAalMM BOJHOBOIO IakeTa B paMKax
MOJTHOHEJIMHEHHON MOJIENIN THAPOIUHAMUKH HEBSI3KOW HEC)KMMAeMOH CTpaTu(UIIMPOBAHHON KHUIKOCTH.
ITpu momouM aHanM3a BOJHOBOTO IOJISI B Mpeeaax 001acTy B3aMMOJCHCTBUS C YCTYIIOM, OLIEHUBAIOTCS
3HaueHWs Oe3pa3MepHBIX MapaMeTpoB: uucna Puyapacona, ®pyma, Hppebapena.llokazano, uto
OTpa)KEHHE BOJIHOBOI'O IIAKETa OT YCTylla MUHUMAJIBHO IIPHM BCEX pacCMOTpeHHBIX ciydasx.llepenaua
SHEPTUU C HIDKHETO0 MHTepdeiica Ha BepxXHH HaONIOMAaeTCs B pacueTax, INe YCTYN BBIIIE T'PAHUIIBI
pasziena HUKHETO U CPEIHEro ciios, U (GaKkTHUYECKU peaju3yeTcs Mepexo]l U3 TPEXCIOMHON KHUIKOCTH B
JIBYXCJIOMHYIO.

Knrwouesvie cnoea: BHyTpeHHUE BOJHBI, OpH3ep, BOJHOBOM MAaKeT, IepepacipeesieHue SHepruu,
ITOJIHOHEJIMHENHAS MOJIEIIb TUAPOIVHAMUKH, TPEXCIIONHAS KUIKOCTh

VISUALIZATION AND ANALYSIS OF ENERGY REDISTRIBUTION DURING THE
TRANSFORMATION OF INTERNAL WAVE PACKETS OVERABOTTOM STEPIN ATHREE-
LAYER FLUID
N.A. Sannikov, O.E. Kurkina, E.A. Rouvinskaya, A.A. Kurkin
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: This article considers the process of redistribution of the energy of a localized wave packet in a
three-layer fluidduring its transformation over a bottom ledge at its various parameters.
Design/methodology/approach: The set of values of the height and width of the stepsuggests various
scenarios of the breather transformation within the framework of a fullynonlinear model of the fluid
dynamics of an inviscid incompressible fluid. Using the analysis of the wave field within the area of
interaction with the ledge, the values of dimensionless parameters, such asthe Richardson, Froude,
Iribarren numbers are estimated.
Findings: It is shown that the reflection of the wave packet from the ledge is minimal in all cases
considered. Energy transfer from the lower interface to the upper one is observed in calculations where
the ledge is above the interface between the lower and middle layers, and the transition from a three-layer
liquid to a two-layer one is actually realized.
Research limitations/implications: Research limitationsare due to the fact, that we use a model of the
motion of an inviscid incompressible stratified fluid in the Boussinesq approximation.
Originality/value: The dynamics of long fully-nonlinear waves such as breathershave not been studied
much, therefore fundamentally new results have been obtained.

Keywords: internal waves,breather, wave packet, energy redistribution, fullynonlinear model of
hydrodynamics
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NCCIEJOBAHUME BOJIHOBBIX ITPOIECCOB ITPUBPEKHBIX PAUOHOB TATAPCKOI'O
IMPOJINMBAABTOHOMHBIMMU JTJOHHBIMHU PETUCTPATOPAMMUM BOJIHEHU A

A.N. CugopeHko
ORCID:0000-0002-2094-7854e-mail: sidorenko.artem@inbox.ru

OI'bYH CneunanbHoe KOHCTPYKTOPCKOE OIOPO CPEICTB aBTOMATH3AIMHA MOPCKHUX SIBJICHUI
JlanbHEeBOCTOUHOTO oTeneHus Poccuiickoi akaieMuu HayK
Huxeropoackuii rocynapcTBeHHbIN TexHuueckuil yauBepeuteT uM. P.E. AnexceeBa

Ienpto naHHOM paboOTHI SBJISETCS MCCIEIOBAHNWE BOJHOBBIX IPOLIECCOB B NMPHOPEKHON 30HE C
MIOMOIIIBI0 PETUCTPATOPOB JTOHHOTO jaBieHus. [IpuOpexHas 30Ha MOps IMOCTOSIHHO IOJBEPraercs
ONIACHBIM IIPUPOJHBIM IIPOLECCAM, M MHOTMMH YYEHBIMH IPOBOAATCA MCCIEAOBAHUSA 0 H3YYCHHIO
NpUOPEKHON 30HBI B CIEACTBHM YAacThIX HITOPMOBBIX HATOHOB, aHOMAJIbHO BBICOKMX BOJH («BOJHBI-
yOuHIBI»), BO3MOKHOM YCHJICHUM JAJMHHBIX BOJH. VccienoBaHus NpoBOAATCS TaK K€ Ul oOecredeHus
0€30MacHOCTH B MOPTax M IIENb(OBBIX MPOEKTOB, HO B TeX pallOHAX TJe IITOPMOBBIC HArOHBI PEAKH H
BO3MOXXHOCTb IIyHaMM MHHHMajbHa HCCIIENOBaHUSA HE NpoBoaATca. OIHAKO BO3HUKAIOIIUE OIACHBIC
BOJIHOBBIE TIPOIIECCHI CITYYalOTCS U MOTYT MPEACTABIATH OOJBLIYIO YTPO3y MOCEIKAM, PACIIONOKEHHBIM B
O6mu3u Oepera. B pesynbrare NpoBEIEHHOIO SKCHEPUMEHTA 0 PEruCTpaldi MOBEPXHOCTHBIX BOJIH B
Tarapckom mposuBe mpuOpekHOI 30HBI ocTpoBa CaxalvH HAKOIUIEH 3HAYMTEIbHBIN MaTepuall. AHAIN3
JAHHBIX TO3BOJIUI 00BACHUTH OCOOEHHOCTH BOJHOBBIX ITPOLIECCOB IaHHOI'O PErHOHA.

Kniouegvie cnogéa: aBTOHOMHBIN JOHHBIM PETUCTPATOP BOJIHEHUS, OIIACHBIE BOJTHOBBIE ITPOLIECCHI,
octpoB Caxanu, Tatapckuii nposuB

STUDY OF WAVE PROCESSES OF THE COASTAL REGIONS OF THE TATAR STRAIT BY
AUTONOMOUS BOTTOM WAVE RECORDERS
A.1.Sidorenko
Special Research Bureau for Automation of Marine Researches Far East Branch Russian Academy of
Sciences
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: In many areas, dangerous wave processes are not studied due to their rarity or lack of industrial
areas, but dangerous wave processes do occur and can pose a great threat to settlements located near the
coast.
Design/methodology/approach: A site has been selected for the research where there are rare marine
hazards that cause damage to the population. In this connection, residents independently build
breakwaters from construction debris. In this place, a wave recorder is installed to analyze wave
processes. Visual observation of the sea was also carried out.
Findings: Based on the results of the recordings, rare anomalous waves have been identified that exceed
the height of the waves.
Research limitations/implications: For a full-fledged analysis, you need to install several wave
recorders and collect statistics.
Originality/value: Dangerous wave processes are a serious threat to the health and life of the population.
Also, dangerous wave processes cause damage to the population in unprotected areas, in connection with
which people independently build breakwaters from construction debris.

Keywords: autonomous bottom wave recorder, dangerous wave processes, Sakhalin Island, Tatar
Strait
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YUCJIEHHOE MOAEJINPOBAHUE UCTOPUYECKUX
N BO3MOKHbBIX HYHAMMU B APKTUKE
M. C. BuHoKkypoB
ORCID: 0000-0001-7003-9726 e-mail: crz@mvinokurov.ru
P. X. Ma3oBa
ORCID: 0000-0003-2443-149X e-mail: raissamazova@yandex.ru
Huxeropoackuii rocynapcTBeHHbIN TexHuYeckuid yauBepcuteT uM. P.E. AnekceeBa

ApKTUKa SBISICTCS HauMEHEe WM3YYCHHBIM PErMOHOM C TOYKH 3pEHUsS MpoOIeM, CBS3aHHBIX C
3eMJIETPSICEHUSIMU U IlyHaMu. OOBIYHO OMACHOCTH IlyHaMU B APKTHKE CUYUTAETCs HE3HAYUTENIbHOU. DTO
CBS3aHO, IPEKJE BCEro, C HU3KOM CEUCMUYECKONW AKTUBHOCTBIO PEruoHa. B CBA3M C DKOHOMHYECKUM
OCBOEHHEM Lielnbda, mpodieMa ONacCHOCTH IIYHAMH Ha apKTUYECKOM MOOEpeKbe CTAHOBUTCS aKTyalbHON
u TpebyeT [eTadbHOrO W3YYCHHS BEPOSATHBIX COOBITUH TeHepaluy BOJIH IyHamMH. B mgaHHOM
UCCIIEJOBAHUM paccMaTpUBaeTCs MOTEHLHUaJIbHas MpolieMa OMACHOCTH IIyHaMUu B ApPKTHYECKOM
pEruoHe, U MPUBEACHBI OIICHKH BO3MOXKHBIX BBICOT BOJIH IIyHAMH Ha MIeNb(axX apKTHUYECKHUX IMOOCPEKHiA
Mopsi badbduna, mops JlanteBeix m Mops bodopra. C npuMeHEHMEM KIIABHIIHOW MOJEIH 30HBI
CYOIyKIIMH, OBLT pa3pabOTaH psJl CIIEHAPHEB BO3MOXKHOTO BO3HUKHOBEHHS 3EMIICTPSICCHHUN C 04aroM B
palioHe JIOKaIu3alui UICTOPUYECKHUX 3eMIIETPSACEHUI ¢ MarHuTynamu M>6.

Knrwoueevle cnosa: 4ucieHHOE MOJCIUPOBAHME, IYHAMH, KJIABHIIHAS MOJEIb 3€MIICTPSCECHHUS,
apKTHYECKUi menbd.

NUMERICAL MODELLING OF HISTORICAL
AND POSSIBLE TSUNAMIS IN THE ARCTIC
Vinokurov M.S., Mazova R. Kh.
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: This article discusses the possibility of a tsunami in the Arctic zone, with the localization of
historical earthquakes with a magnitude of M>6.
Design/methodology/approach: Numerical modeling was used to obtain data on wave propagation in
the studied regions (the Baffin Sea, the Beaufort Sea, and the Laptev Sea). After the calculations, also
obtained data on the heights of waves on the coasts. The length and width of the rupture in the earthquake
source was determined using the Lamb formulas for earthquake magnitudes for these events and the
maximum displacement of the wave surface above the earthquake source was determined using the lida
formula.
Findings: Various sections of the subduction zone located in the Arctic region were considered. When
considering the problem of generating tsunami waves by a keyboard source, for given displacements of
blocks in the earthquake source, a possible generation of a tsunami wave by it is obtained.
Research limitations/implications: This article is the continuation of further research in the waters of
the Arctic.
Originality/value: The calculations have not been carried out previously in the regions under study, so in
this case we obtained fundamentally new data.

Keywords: Arctic Ocean, Arctic shelf, earthquake key-board model, tsunami, numerical
simulation.
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Huxeropoackuii rocynapcTBeHHbIN TeXHUUYeckuil yHuBepcurer um. P. E. Anexceea

Pabora mocsiieHa ncciae10BaHUIO PErMOHAIBHBIX OCOOEHHOCTEH MOJsl BHYTPEHHHMX BOJIH Ha
OCHOBE HATYpPHBIX JaHHBIX B banTuiickoMm Mope BONHM3M MOPCKOM JIEAOCTOMKON CTalmOHapHOU
wiatgopmsl J16. B kauecTBe MCXOMHBIX JaHHBIX Ul aHAJIM3a MCHOIb30BAINCH 3aIIMCH BEPTUKAIBLHOTO
npoduiIs TeMIepaTypbl BOAbBl OT BpeMEHH, mojdydeHHbIe 3a aBrycT 2015 u 2016 1. B 1Oro-BOCTOYHOM
yactu bantuiickoro mopst (myouna B Touke 3amepoB 30 M). Yacrora AMCKpETH3allUM 3allUCH
coctapinsieT 1 MuH. Mcnonb30Banbl Takxke AaHHbIE ruapoaorudeckoro arnaca WOALS o BepTukanbHOM
pacnpeeieHuy COJIEHOCTH BOJMM3M TOYKM M3MepeHHi. PaccunTaHHble BpeMEHHbIE pSbl MIIOTHOCTU
UCIIONB30BaHbl JJIi TOJYYEHHs] OCHOBHBIX CTAaTHCTMYECKHX XapaKTepUCTHUK, B TOM YHCIE
CTAaTUCTHUYECKUX MOMEHTOB. Hapsy ¢ MOMEHTHBIMH XapaKTEPUCTUKAMH OBUTH OTIPEICIICHBI MapaMeTphl
BOJIH, TAaKUE KAaK BBICOTHI BOJIH, MIEPUOJIbI, KPYTU3HA U aMILTUTYJa BOJIHOBOTO ckiioHa. [locTpoeHsl u
[IPOaHAIM3UPOBAHbl PACIIPENEICHHS] OPAUHAT BOJH, BBICOT BOJIH, MEPUOAOB M JPYTUX XapaKTEPUCTUK
BonHeHus. [lokazaHo, 4TO McciaenyeMble BEPOSATHOCTHBIE XapaKTEPUCTHUKU BHYTPEHHUX BOJH XOPOIIO
OIHCHIBAIOTCS JIOTHOPMAJIbHBIM PACIIPEIETICHUEM.

Knroueswle cnosa:BHyTpeHHHE BOJIHBI, HAaTYpHbIE HaOMIONEHUS, menbd, bantuiickoe Mope

STATISTICAL CHARACTERISTICS OF INTERNAL WAVES IN THE BALTIC SEA
M.V. Kokoulina, S. A. Epifanov, I.V. Kokoulin, A. A. Barykina
Nizhny Novgorod state technical university n.a. R.E. Alekseev

Purpose: The aim of the study is to describe the statistical features of internal waves for the conditions of
the Baltic Sea based on field data.
Design/methodology/approach: The studies were carried out on the basis of methods of mathematical
statistics
Findings: The distributions of wave ordinates, wave heights, periods and other wave characteristics are
constructed and analyzed. It is shown that the studied probabilistic characteristics of internal waves are
well described by the lognormal distribution.
Research limitations/implications: The study is limited by the resolution of the data, the number of
measurements performed.
Originality/value: The results of the study are original, belong to the author, they are not published and
are not submitted for publication in any scientific journals.The present research provides a starting point
for further studies in this field.

Keywords:internal waves, field data, shelf, Baltic Sea
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CPABHEHUE JIJUCNIEPCHUHA YKJIOHOB BOJHOM IMOBEPXHOCTH U3MEPEHHBIX
PAINOJIOKATOPAMMU KA U X TUAITA3OHA
JI.A.KoBaJjjioB
ORCID: 0000-0002-9535-4949 e-mail: d.kovaldov@ipfran.ru
IO.A. Turuenko
ORCID: 0000-0001-7762-7731 e-mail: yuriy@ipfran.ru
M.C.Psa0koBa
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B.FO.Kapaes
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ORCID: 0000-0002-5353-7528 e-mail: meshkov@ipfran.ru
9.M.3yiikoBa
ORCID: 0000-0003-0343-8879 e-mail: zuikova@ipfran.ru
®denepanbHbIN UCCIEIOBATENIbCKUHN 1IeHTP MHCTUTYT pukiagHoi Gpusnku Poccuiickoil akaieMun HayK

VBenuueHue 4Yuciaa NapaMeTpoB BOJIHEHMs, OIpPENeNieMbIX I10 JaHHBIM PaJUOJIOKaTOpPOB,
SBJIIETCS OJHUM U3 HAINpPABICHUN pa3BUTHUSI IUCTAHIMOHHOIO 30HAMpPOBaHUA. OAHMM M3 Ba)KHBIX
[apaMeTpOB BOJHEHMs SIBJIETCS JMCIEPCUs YKJIOHOB BOJIHEHMs OIpenenseMa IMpHU 30HIUPOBAHUU I10]
MaJlbIMU yrilaMu. TeopeTnyeckrue OIEHKU MOKa3bIBAaIOT paszinuue HaOJIOAAEMbIX JUCIEPCUN YKIOHOB B
pasHbIX HMaNa3oHax JUIMH BOJH. DTO MOJIyyaeTcs U3-3a BXozsuero B npubmkenne Kupxroda yciaoBus
HAa MHHMMAJBHYIO JUIMHY MOPCKOM BOJIHBI, BHOCSINYIO BKJIAJ B OTPaXXEHHbIM curHai. PasHocTb
JMCIIEPCUN YKIIOHOB, M3MEPEHHBIX B Pa3HbIX JAMANa30HaX, [MO3BOJUT OLIEHUTb HOBBIM HHTErpajbHBbIH
napaMeTp OTPaXkaroLel MOBEPXHOCTH. s onpenesieHuss JaHHOIo Iapamerpa ObUla IPOBEJNCHA CEpUsi
HKCIEpUMEHTOB Ha p.OKa ¢ yCTaHOBJIEHHBIMU Ha MeTpoMocT paauosiokaropamu Ka (9.7 mm) u X (3 cm)
auanaszoHa. Jljis ompeneneHus OUCIEPCUU YKJIOHOB HCIOJIb30Bajach a3MMyTalbHAas 3aBUCHMOCTD
CeYeHMsT OOpaTHOro paccesHHs, H3MEpeHHas Ipu oxHoM ymie mnajaeHus. IlpoeneHo cpaBHeHHe
ITOJIY4EHHBIX XapaKTepUCTUK I paaronokaropos Ka n X nuanasoHa.

Knrouegvie cnoea: manvle yriuel naneHus, paxnuosiokarop CBYU-nuanasona, asuMyTaibHas
3aBHCHMOCTb CE€UEHUs1 00paTHOTO paccestHusl, TOBEPXHOCTHOE BOJIHEHUE

COMPARISON OF DISPERSION OF WATER SURFACE SLOPES MEASURED BY KA AND X
BAND RADARS
D.A. Kovaldov, Yu.A. Titchenko,M.S.Ryabkova, V.Yu. Karaev, K.A. Ponur, E.M. Meshkov,
E.M. Zuikova
Federal Research Center Institute of Applied Physics of the Russian Academy of Sciences
Purpose: The purpose of the experiment was to measure the dispersion of the slopes of large-scale waves
that form along the river and compare the results obtained in the Ka and X bands.
Design/methodology/approach: A series of measurements was carried out with a Ka-band and X-band
Doppler radars installed on the metro bridge across the Oka River within the city of Nizhny Novgorod. To
determine the slope dispersion, we used the azimuthal dependence of the backscattering cross section,
measured at one angle of incidence.
Findings: The azimuthal dependences of the backscattering cross section in the Ka- and X-bands are
obtained, and the slope dispersions are calculated based on the results obtained.
Research limitations/implications: This article is the starting point for further research in cases of
different types of waves on the river surface.
Originality/value: The difference in the dispersions of the slopes measured in different bands will make
it possible to estimate a new integral parameter of the reflecting surface. This parameter will make it
possible to study the effect of various wave formation conditions on the extremely difficult to measure
range of surface wave lengths.
Keywords: low angles of incidence, microwave radar, azimuthal dependence of the
backscatter cross section, surface waves
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