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Annomayus. B craTthe IpUBEIEHBI Pe3yIbTATHl UCCIEIOBAHM, a TAKXKE CTPYKTYPHBIE CXeMbI U Hapa-
METPBI COCTABJIAIOIINUX T€HEPATUBHO-COCTSI3aTeIbHON HeHpOoHHOU ceTH. [IpuBenens! rpadudeckue n3odpa-
JKCHHS Pe3yNbTaTOB (IIIBTPAIIMHN PATUOTEXHUYECKUX CUTHANOB. CleNaHbl BBIBOABI O BOZMOXKHOCTSX MpHU-
MEHEHHUS TaHHBIX HEHpOHHBIX ceTel. Llenap ucceaenoBaHusi: 000CHOBaHHE BO3MOXKHOCTEH HCIIOJIB30BAHUS
TeHEPATUBHOCOCTSI3aTENIbHBIX UCKYCCTBEHHBIX HEHPOHHBIX CeTei JUisi peuleHus 3a1ad uudpoBoii oopadboT-
KU PaJMOTEXHUYECKUX CHI'HAJI0B. MaTepuaabl U MeTOABI. [[J1s1 OIIEHKH pe3yabTaToB U(POBOH GriIbTpa-
I[UH 3alIyMJICHHBIX CUTHAJIOB UCIOIb30BANICS METOJ MAaTEMAaTHUECKOT0 MojenupoBanus B cpeae MATLAB.
B kadecTBe TECTOBBIX CUTHAJIOB OBUIN B3STHI: CHHYCOHM/IA, CUTHAJ B BHJE CyMMBI CHHYCOW, MOJIEb Peajb-
HOTO PaJnOTEeXHUYECKOT0 HHPOPMAIIMOHHOTO CUI'HaNA. B kauecTBe 1IyMOBOIl cOCTaBISIOMIEH HCIIOIB3YyET-
cs1 Oestblii TaycCOBCKUM mIyM. Takke nNpoBoauTCs (GMIBTPALUS CUTHANA, B KOTOPOM OTCYTCTBYET (hparMeHT
orpezeneHHol 1MHHEL. bputa creHeprpoBaHa o0ydarommasi BBIOOpKa 111 HEHPOHHOW ceTn reHeparopa, co-
CTOSIIIas U3 3alIyMJICHHBIX TECTOBBIX CUT'HAJIOB. bplia Taxke creHepupoBaHa oOydaromasi BEIOOpKa HEHpOH-
HOM CETH JUCKPUMUHATOPA, COCTOSAIAs U3 TECTOBBIX CUTHANIOB, HE coepxkaux myma. Pesyabsrarsl. Ha oc-
HOBE IIPOBEIEHHOI0 MOJEIMPOBAHUS CAEIaH BBIBOJ O TOM, YTO I'€HEPAaTHUBHO-COCTA3AaTE/IbHAs HEHPOHHAs
CEeTh YCIEIIHO PEelIaeT 3aaud BBIACICHUS MOJIE3HOT0 CUTHAJIA B CMECH €T0 C IIyMOM pa3iInyHON (usmue-
cKol mpupoabl. Takas HelpoceTeBas CTPYKTypa CIiocoOHa TakyKe BOCCTAHOBHTD TOJIE3HBIN CUTHA, €CJIU B
HEM OTCYTCTBYET Kakasi-TH0O 4acTb B pe3yibTaTe BO3JCHCTBHS BHEIIHUX IOMeX. 3akjoveHue. Cymect-
BYIOIIME METOJbI HU(PPOBOH (QHUIBTPAMK PAJHOTEXHUYECKHX CHTHAJIOB TPEOYIOT ONpPENENCHHBIX TPYHO-
BBIX W BPEMEHHBIX 3aTparT, CBA3aHHBIX C pacyeToM Hu(poBeIX ¢(mibTpoB. Takke MpH MPOSKTUPOBAHUH
(UIBTPOB BBICOKNX MOPSIKOB BO3HHUKACT CJIIOKHOCTH P NMPOBEJICHNUH pacdeTa JaHHBIX (QuibTpoB. Mnes
UCIIONIb30BaHMs HEHPOHHOM ceTH B 3a7adax (MIbTPALUK IT03BOJSIET 3HAUYUTEIBHO YMEHBIINTD BpeMs Ipo-
eKTHpOBaHus (PUIbTpa, yMpOCTUB, TAKMM 00pa3oM, mpolecc ero peanusanuu. HeipoHHas cerb, SBIISIO-
mascs caMooOydaeMoi CHCTEMOM, MOKEeT HaXOAUTh PEILICHHS, HEAOCTYIHbIC AJIS OOBIYHBIX aJTOPHUTMOB
udpoBoit puabTpauy. Pe3ynpTaTel JaHHOW pabOThI MOTYT HAMTH CBOE MPUMEHEHHUE B 001acTH IH(POBOM
00pabOTKN CUTHAJIOB U B PA3BUTHH IIPOrPAMMHO-KOH(GUTYPUPYEMOTO Paano.

Knrouesvie cnoea: reHepaTUBHO-COCTA3ATENIbHAS CETh, TCHEPATOP, TUCKPUMHUHATOD, H(PPOBOH HUIBTP,
MH(QOPMALMOHHBIA CUTHAJI, PAANOTEXHUIECKUN CUTHAI
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STUDY OF NONLINEAR DIGITAL FILTERING OF SIGNALS
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Abstract. The article presents the results of the study, as well as the structural schemes and parameters
of the components of the generative-adversarial neural network. Graphical images of the results of filtering
radio signals are given. Conclusions are drawn about the possibilities of using these neural networks.
The purpose of the study. Substantiation of the possibilities of using generative-sensory artificial neural
networks to solve problems of digital processing of radio signals. Materials and methods. To evaluate
the results of digital filtering of noisy signals, the method of mathematical modeling in the Matlab environ-
ment was used. As test signals, the following were taken: a sine wave, a signal in the form of a sum of si-
nusoids, a model of a real radio-technical information signal. White Gaussian noise is used as the noise
component. Also, filtering of the signal is carried out, in which there is no fragment of a certain length.
A training sample was generated for the neural network of the generator, consisting of noisy test signals.
A training sample of the discriminator neural network was also generated, consisting of test signals that do
not contain noise. Results. Based on the simulation, it is concluded that the generative-adversarial neural
network successfully solves the problems of isolating a useful signal in a mixture of it with noise of various
physical nature. Such a neural network structure is also able to restore a useful signal if any part of it is
missing as a result of external interference. Conclusion. The existing methods of digital filtering of radio
signals require certain labor and time costs associated with the calculation of digital filters. Also, when de-
signing high-order filters, it becomes difficult to calculate these filters. The idea of using a neural network
in filtering tasks makes it possible to significantly reduce the filter design time, thus simplifying the process
of its implementation. A neural network, which is a self-learning system, can find solutions that are inacces-
sible to conventional digital filtering algorithms. The results of this work can find their application in
the field of digital signal processing and in the development of software-configurable radio.
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Beenenne

WHbopmanmoHHbIe CUTHANEI B TIpoliecce uX oOpabOTKH, MpH Mepeaade v nprueMe Mo KaHaIy CBS3H
MOJIBEP)KEHBI PAa3IMYHOTIO poja MCKakeHusM. Hampumep, Hamo)keHHe ITyMa Ha CUTHaJl, HEJIMHEWHBIE
WCKXEHVSI CUTHANA WM TIOTEPS KaKOro-1r00 ¢)parMeHTa CUrHalla, 9TO IPUBOAUT K HETIPABWIILHOM T1e-
penade cooOIIeHUS U YXYAIISHUIO KAYeCTBa CBS3U B IEIIOM.

C pasButreM UPpoBOH 00paOOTKM CHUTHAIIOB TaKHE MPOIECCH, KaK (QUIbTpaIys, KOJAUPOBaHHE,
JEKOAUPOBAHNE, BO3MOXKHO PEANIM30BATh NPU MTOMOIIM IIPOrPaMMHBIX CPEACTB. Takxke cTamo BO3MOXK-
HBIM TIPUMEHUTH B 3TON cdepe TEXHOJIOTUH MAIIMHHOTO 00y4eHus. Hmke mpepcraBieH BapuaHT mud-
POBOI'0 HETMHEHHOTO (DUJIBTPA, PEaTM30BAHHBIN Ha T€HEPATHBHO-COCTSA3ATEILHON UCKYCCTBEHHON HEH-
ponHnoii cetu (I'C MHC).

1. KpaTkue cBeileHHsI 0 TeHEPATHBHO-COCTA3aTeJIbHBIX HEHPOHHBIX CETAX

I'C UHC — mozens B 00JacTH MAIIMHHOTO O0yUYEHHS, O3BOJIAIONIAs UMUTHPOBATh 33JJaHHOE pac-
npeneneHre JaHHbIX. Takas MOJENb COCTOMT M3 IBYX HEHpOHHBIX ceTeil: renepartopa (I') u nuckpumu-
Hatopa (1) [1-4].
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I'enepatop popmupyer 0ObEKTHI U3 CKPHITOTO MPOCTPAHCTBA NMPHU3HAKOB, a JUCKPUMHUHATOP, 00Y-
YEHHBIA Ha peajibHbIX 0OBEKTaX, CTPEMUTCS] HAUTH PACXOXKICHHUA MEXIY HACTOALIMM M Cr€HEPHUPOBaH-
HBIM 00BeKkTOM. [Ipu 3TOM reHepaTop MBITAETCS MOBBICHTH MPOIEHT OIUOOK TUCKPUMHUHATOPA, a TOT,
B CBOIO OYepeslb, CTapaeTCsl YBEJINIUTh TOYHOCTh pacio3HaBaHus [S].

I'enepaTuBHO-cOCTA3aTENbHAS MOJIENb 00yUeHHSI HEHPOHHOW CETH OTJIMYHO MOAXOAUT AJIS Pas3iny-
HBIX THUIIOB JIAHHBIX H crienn(uveckux 3ajad. Bce, 4To mpuxoguT Ha BXOJ, @ HMMEHHO: M300pakeHHe,
TEKCT WM ayIMOCUTHAI, B IalbHEHIIIEM MPEJICTABUMO B BUJIC BEKTOpa 3HAUCHHMIA, Ha3bIBAEMOTO U PO-
BbIM H300paxenueM. llpeacraBienne MHGOPMALMOHHBIX CHTHAJIOB B BHIE UU(QPOBBIX H300paskeHHUN
Jenaetr BO3MOKHBIM ncnoib3oBaTh I'C MHC ans 3amau undpoBoit 00pabOTKH CHTHAJIOB, K MPUMEPY
HenuHelHo! 1udpoBoii punbTpanyu [6-9].

Unesa npumenenust I'C MHC coctouT B TOM, 4TOOBI 00YyYUTH T€HEPATOP BOCCTAHABIMBATH CUTHAJ
u3 Hekoero myma [10]. IIpu 3ToM auckpuMuHAaTOp, OOYYEHHBIH HA YHCTBHIX CHUTHalaX, OyAeT oTOpachl-
BaTh M300paKeHHS, JajeKue OT JeHCTBHTENLHBIX. OXKUAAETCs, YTO TeHEepaTop CMOXKET Moa00paTh Ta-
KH€ BeCOBBIE KO (HUIMEHTHI, YTO Ha BBIXOJIE OH Oy/eT BhljaBaTh curHai 6e3 myma [10, 117.

2. Onucanue uccjieyeMol HeifpOHHOM ceTH

HUccnenoBanne Henxuneitnoro ¢unsrpa ¢ ucnonb3oBanueM I'C MHC pa3duTto Ha HECKOIBKO 3TAMOB:
— coopka I'C MHC B cpene MATLAB;

— tperupoBka ['C MHC Ha He3alrymIleHHBIX JaHHBIX (HaOOp CHHYCOW, Ha0Op CYMM CHHYCOMI,
MOJIEJIb PEaIbHOTO CUT'HAJIA);

— MOJIEJIMPOBAHKE TECTOBBIX CUTHAJIOB;
— nobaBJieHHNE B TECTOBBIM CUTHAJ IITYMOBOM COCTaBIISIONICH, TAKOM Kak OEIbIi rayCCOBCKUI ITyM;
— yZAaJeHUE U3 TECTOBOI'O CUTHAIA HEOOBIIOrO ()parMeHTa;

— MpOBEpKa pabOTHI CETH Ha 3alIyMJICHHBIX JaHHBIX U OLIEHKA PE3yJIbTaTOB (PMIIbTPALIH.
CrtpykTypa reHeparopa JaHHOM ceTH MpeAcTaBieHa Ha puc. 1.
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Puc. 1. CTpykTypHas cxema reHepaTopa
Fig. 1. Block diagram of the generator

CtpykTypa JUCKpUMHUHATOpA IIPEICTaBlieHa Ha puc. 2.
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Puc. 2. CTpykTypHas cxema AUCKPMMUHaTopa
Fig. 2. Block diagram of the discriminator
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B Tabauue npencraBieHsl mapaMeTpsl TeHepaTopa U AUCKPUMUHATOPA.

MapameTpbl reHepaTopa U AMCKpMMUHATOPa

Parameters of the generator and discriminator

ITapameTp T'eneparop JluckpuMHUHATOD
KonnuecTBo cnoes 5 6
OYHKIUU aKTUBALUU _(xx>0 _(xx>0
TI0CJIE/THETO CIIOS leakyReLU(x) = {ax, x<0 leakyReLU(x) = {ax,x <0
Benuunna BXOZHOTO Cllost 1001 1001
Hannuaue DropOut cnoes Her Ectp

3. Pe3yabTaThl MOJACTUPOBAHUS

CHauana ucclieioBaHre POBOAMIOCH Ha MPOCTHIX MOJIENILHBIX CUTHanax. Ha BXoj reneparopa mo-
JIaBaJIMCh CHHYCOM/BI C JOOABICHHUEM OEJIOro raycCoBCKOTo IiymMa. dparmMeHT oOydaromieil BHIOOPKH
reHeparopa MpeCcTaBiIeH Ha puc. 3.

2
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0 0.05 0.1 0 0.05 0.1 0 0.05 0.1

Puc. 3. ®parmeHT oby4yarower BbIGOPKM reHepaTopa
Fig. 3. Fragment of the training sample of the generator

s oOyueHus TUCKPUMHUHATOpPA MCIONB30BAINCH YHCThIE MOJCIbHBIC CUTHANBL. PparMeHT 00y-
Yarolei BEIOOPKH TUCKPUMHHATOPA MPE/ICTaBIIeH Ha pHcC. 4.
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Puc. 4. ®parmeHT obyyatoLier BbIGOPKM AUCKPUMUHATOpPa
Fig. 4. A fragment of the training sample of the discriminator
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Pesynprar pabotel HenuHeiiHOTO QmibTpa ¢ ucnonb3oBanueM ['C MHC Ha snemeHTapHOW CHHY-
coujie ¢ 1o0aByieHHEM O€JI0Tr0 rayCCOBCKOro IIyMa MPEACTaBiIeH Ha puc. 5.
‘ :
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Puc. 5. Pa6oTta reHepaTMBHO-COCTSi3aTesIbHOW CeTU Ha MPOCTOM cUrHane
Fig. 5. The work of the generative adversarial network on a simple signal

PesynbpTar paboThl reHEPaTHBHO-COCTSA3ATEILHON CETH B CUTYAIIMH, KOT/Ia U3 CHHYCOUJIBI TPOoTia/ia-
eT parMeHT curaaia, mpeicTaBlicH Ha puc. 0.
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Puc. 6. BocctaHoBneHue chparmeHTa CUHycouabl FreHepaTUBHO-COCTA3aTeNIbHOM CeTbI0
Fig. 6. Reconstruction of a fragment of a sinusoid by a generative adversarial network

3arem ['C MHC obyuanace Ha CI0KHOM CHUTHaJle, IPEACTABISIONIEM CyMMYy CUHycouA. PesynbraT
paboThl TEHEPATUBHOM CETH Ha CIIOKHOM CHUTHAJIE, B KOTOPBIM ObLT J00aBiIeH Oeibli 1myM, H300pakeH

Ha puc. 7.
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Puc. 7. PaboTa reHepaTUBHO-COCTAI3aTeNIbHOM CETU Ha CIIOXKHOM CUrHane
c pob6aBneHnem 6enoro raycCoBCKOro wyma
Fig. 7. The work of a generative adversarial network on a complex signal
with the addition of white Gaussian noise

PC3yJ’IBTaT BOCCTAaHOBJICHHSA CJIOXKHOI'O CUTHaJIa IPEACTABJICH Ha puUC. 8.
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Puc. 8. BocctaHOBNeHMe CNOXHOro curHana
Fig. 8. Complex signal recovery

B 3aBepmaromniem uccienoBannu ['C MHC oOy4yanach Ha CJI0KHOM CHUTHAJIE, MPEACTABIISIOIIEM MO-
JIeJTb PeaibHOr0 WH(POPMAILMOHHOTO cUrHama. Pe3ynpTar paboThl TeHEpATHBHOM CETH Ha MOJICIU peallb-
HOT'O CUTHaJIa, B KOTOPBIH ObLT JOOABJICH OCJIbIN IIyM, H300paXkeH Ha puc. 9.
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3awymneHHbIA BXOQHOW curHan
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Puc. 9. PesynbTaTt paboThl ceTu Ha MoAenu peanbHOro curHana,
B KOTOpbIA A06aBneH 6enbi WyM
Fig. 9. The result of the network operation on the model of a real signal,
to which white noise is added

PCSYJ'ILTaT BOCCTAHOBJICHHS CETHIO p€aJIbHOI'O CUTHaJIa IPEACTABJICH HAa pUC. 10.
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Puc. 10. BocctaHoBneHue peanbHOro curHana
Fig. 10. Reconstruction of the real signal

3akil0ueHue

I'C MHC BoccTaHaBIMBACT CUTHAJ, IIOXOXKHIA 110 (JOPME HA BXOJIHOM, HO ¢ MpUMeCSIMH IyMa. I1po-
OlemMa 3aKIIoYacTCsi B CTPYKTypax TeHepaTopa M JUCKPHUMHHATOpA: KOJMYECTBO W THUIl CIIOEB, BHJ
(hYHKIIMM aKTHBAIUU, pa3Mep CIOEB U T. 1. MI3MeHsIst 5TH mapamMeTphl, MOXXHO 3HAYUTEIHHO YIyUIIUTh
pe3yJIbTaThl PabOThI TAHHOTO HEJIMHEHHOTO IIU(PPOBOro QUILTPA.
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PaccmoTpennsiit HenuHeHbIH mudpoBoi GuiasTp ¢ ucnonszoBanueM I'C MHC BO3MOKHO HIMPOKO
NPUMEHHUTH B 3aJayaX, CBA3aHHBIX C HU(POBOW 0OpabOTKON CHUIHAIOB, BOCCTAHOBICHHEM CHTHAJIOB,
MTOABEPTAIOIINXCS KaK JTUHEHHBIM, TaK U HEJTMHEHHBIM UCKaKeHusM [ 12—15].

Cnucok JuTeparypsl

1. Luoynuc J1.9., Paro3un A.H., JlapoBckux C.H. Uccnenoanue nudpopoii Gpunstpanun uHGOp-
MAaIlMOHHOTO CHTHAJa ¢ UCIOJIb30BaHUEM MCKYCCTBCHHON HEHpPOHHOM ceT aBToKoaupoBiiuka // Uudo-
KOMMYHHKaIlMOHHBIE TEXHOJIOIHHU: aKTyaJbHbIe BOIPOCHl IU(POBOM 3KOHOMUKH: cO. Hayd. Tp. Il Mex-
IyHap. Hayd.-mipakT. KoH}., ExarepunOypr, 2627 suBaps 2022 roxa / mox pex. B.IL. Illysanoga., cocT.
ML.II. Kapauapoga. 2022. C. 144-149. EDN MNBGOL.

2. Hubynuc J.3., Parozun A.H. Anann3 nH(pOpMaMOHHBIX CUTHAJIOB C MCIIOJIb30BAHUEM T'€HEpa-
THUBHO-COCTS3aTENIbHBIX HEHPOHHBIX ceTell // bezomacHOCTh MH(MOPMALIMOHHOTO MPOCTPAHCTBA: €O. TP.
XIX Bcepoc. Hay4.-IIpakT. KOH(]. CTyICHTOB, acIIMPAHTOB U MOJIOJBIX yueHbIX, ExarepunOypr, 08—11 ne-
kabps 2020 roma. 2021. C. 40-44. EDN BCYSY/J.

3. I'yndennoy A., benmxuo U., Kypsuis A. I'myGokoe oOyyenue / mep. ¢ anra. A. A. CIMHKHHA.
2-e u3n., ucnp. M.: IMK Ilpecc, 2018. 652 c.

4. 3enenckuit A.A., [TucemenckoBa M.H., Boporuun B.B. Anroputm nowncka nzo0pakeHuil B Buze
X31I-QyHKIUH Ha OCHOBE IIyOMHHBIX HelpoceTeBbIx TexHojorui // Joknansl Tomckoro rocymapct-
BEHHOI'0 YHHUBEPCUTETA CUCTEM yNpaBieHHs U paguotekTpoHuku. 2018. T. 21, Ne 3. C. 57-62.

5. AkuanHa A.H., Hukudopo M.B. AnropuT™m aeTeKTHpOBaHUs HECaHKIIMOHHMPOBAHHBIX CBAJIOK
Mycopa Ha OCHOBE aHallM3a JAHHBIX TUCTAHIIMOHHOTO 30HIUpoBaHus 3eminu // W3Bectust Tymsckoro
roCyIapCTBEHHOro yHuBepcuteTa. Texnndeckue Hayku. 2019. Ne 10. C. 321-329.

6. AHanu3 METOI0B MHOTOMOJIJIBHOTO 00beAMHEHHS HHPOPMAIIUH ISl 2y THOBU3YaIbHOTO PacIo-
snaBanus peun / JI.B. UBanbko, .C. KunsitkoBa, A.JI. Porwxkun, A.A. Kaprnios // HayuHo-TexHHUeCKUH
BECTHHUK MH(POPMAIMOHHBIX TEXHOIOTUH, MexaHUkH U onTuku. 2016. T. 16, Ne 3. C. 387-401.

7. JleTeKTUpOBaHUE HEMU3BECTHBIX 3BYKOB JUIS JIIOJCH C HapyIIEHHBIM CIIyXOM Ha OCHOBE BapHa-
nuoHHoro aBTtodHkojiepa / A.X. Capadacnansn, B.B. Uenpakos, [.A. CyBopoB u ap. // BectHuk
MI'TY um. H.D. baymana. Cep. IIpubopoctpoenue. 2019. Ne 1 (124). C. 35-49.

8. Generative Adversarial Networks / I. Goodfellow, J. Pouget-Abadie, M. Mirza et al. Department
of Computer Science and Research, University of Montreal. Montreal. QC H3C 3J7.

9. Arjovsky M., Chintala S., Bottou L. Wasserstein GAN. 06.12.2017. [QnekTpoHHBIH pecypc].
URL: https://arxiv.org/pdf/1701.07875.pdf.

10 Unpaired Image-to-Image Translation using Cycle-Consistent Adversarial Networks / Jun-Yan
Zhu, Taesung Park, Phillip Isola, Alexei A. Efros. University of California at Berkeley, in ICCV, 2017.
URL: https://junyanz.github.io/CycleGAN/.

11. Hesse C. Image-to-Image Demo. Interactive Image Translation with pix2pix-tensorflow. 2017.
[DnexTponnsiii pecypc]. URL: http://www.newart.ru/htm/flash/risovalka 90.php.

12. Taty3oB A.JI. Heilponnsie cetu B 3amauvax paauonokauuu. Ku. 28. M.: Paguorexnuka, 2009.
432 c. (Hayunas cepus «HeifipokoMIbIOTEpHI 1 X TPUMEHEHHE).

13. AxcenoB C.B., HoBocenniieB B.b. Opranuzamus u ucmojib30BaHNEe HEUPOHHBIX ceTel (METOIBI
u texrosiorun) / mox o6ml. pen. B.b. HoBocenbuesa. Tomck: M3a-Bo HTJI, 2006. 128 c.

14. PytkoBckad ., IInnuasckuii M., Pytkosekuii JI. HelipoHHBIE CETH, TEHETHUECKHE allTOPUTMBI
U HEeYeTKHe cucTeMsl / mep. ¢ nonbek. M. JI. Pyaunckoro. 2-e usa., crepeorun. M.: I'opsiyas auHus —
Tenexom, 2013. 384 c.:

15. ®okun I'.A. TexHONMOTNU MPOrpaMMHO-KOH(PHUTYpPUPYEMOT0 paano: yued. mocodue i By30B.
M.: T'opsiuast nuams — Tenekom, 2019. — 316 c.

References
1. Tsibulis D.E., Ragozin A.N., Darovskikh S.N. [Digital filtering research information signal using
an artificial neural network of an autoencoder]. In: Infokommunikatsionnye tekhnologii: aktual'nye
voprosy tsifrovoy ekonomiki: sbornik nauchnykh trudov I Mezhdunarodnoy nauchno-prakticheskoy
konferentsii [Infocommunication technologies: topical issues of the digital economy: Collection of scien-
tific papers of the II International Scientific and Practical Conference]. Ekaterinburg; 2022. P. 144-149.
EDN MNBGOL. (In Russ.)

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 165
2022. T. 22, Ne 2. C. 158-167



KpaTtkue cooblieHuns
Brief reports

2. Tsibulis D.E., Ragozin A.N. [Analysis of infor-mation signals using generative-adversarial neural
networks]. In: Bezopasnost' informatsionnogo prostranstva: sbornik trudov XIX Vserossiyskoy nauchno-
prakticheskoy konferentsii studentov, aspirantov i molodykh uchenykh [Information Space Security:
Proceedings of the XIX All-Russian Scientific and Practical Conference of Students, Postgraduates and
Young Scientists]. Ekaterinburg; 2021. P. 40—44. EDN BCYSY/J. (In Russ.)

3. Goodfellow J., Benjio 1., Courville A. Deep learning. Transl from Engl. 2nd ed., rev. Moscow:
DMK Press; 2018. 652 p. (In Russ.)

4. Zelensky A.A., Pismenskova M.M., Voronin V.V. Algorithm for image retravel in the space of
hash functions based on the deep neural network technologies. Doklady Tomskogo gosudarstvennogo
universiteta sistem upravieniya i radioelektroniki. 2018;21(3):57-62. (In Russ.)

5. Akinina N.V., Nikiforov M.B. Algorithm for detecting unauthorized dumps based on the analy-
sis of remote sensing data. Izvestiva Tul'skogo gosudarstvennogo universiteta. Tekhnicheskie nauki.
2019;(10):321-329. (In Russ.)

6. Ivan’ko D.V., Kipyatkova L.S., Ronzhin A.L., Karpov A.A. [Analysis of methods of multimodal
information combining for audiovisual speech recognition]. Scientufic and technical journal of infor-
mation technologies, mechanics and optics. 2016;16(3):387—401. (In Russ.)

7. Sarafaslanyan A.Kh., Cheprakov V.V., Suvorov D.A., Mozgovoy M.V., Volkov A.V. Employing
a variational auto-encoder to detect unknown sounds for hearing-impaired people. Herald of the Bauman
Moscow state technical university. Series: Instrument engineering. 2019;1(124):35-49. (In Russ.)

8. Goodfellow 1., Pouget-Abadie J., Mirza M. et al. Generative Adversarial Networks. Department
of Computer Science and Research, University of Montreal. Montreal. QC H3C 3J7.

9. Arjovsky M., Chintala S., Bottou L. Wasserstein GAN. 06.12.2017. Available at:
https://arxiv.org/pdf/1701.07875.pdf.

10 Jun-Yan Zhu, Taesung Park, Phillip Isola, Alexei A. Efros. Unpaired Image-to-Image Transla-
tion using Cycle-Consistent Adversarial Networks. University of California at Berkeley, in ICCV, 2017.
Available at: https://junyanz .github.io/CycleGAN/.

11. Hesse C. Image-to-Image Demo. Interactive Image Translation with pix2pix-tensorflow. 2017.
Available at: http://www.newart.ru/htm/flash/risovalka 90.php.

12. Tatuzov A.L. Neyronnyye seti v zadachakh radiolokatsii. Kn. 28 [Neural networks in radar
problems. Book 28]. Scientific series “Neuro-computers and their applications”. Moscow: Radiotekh-
nika; 2009. 432 p. (In Russ.)

13. Aksenov S.V., Novosel’tsev V.B. Organizatsiya i ispol zovaniye neyronnykh setey (metody i
tekhnologii) [Organization and use of neural networks (methods and technologies)]. Tomsk: NTL Publ.,
2006. 128 p. (In Russ.)

14. Rutkovskaya D., Pilinsky M., Rutkovsky L. Sieci neuronowe, algorytmy genetyczne i systemy
rozmyte. 2nd ed., stereotype. Moscow: Goryachaya liniya — Telekom; 2013. 384 p.: (In Russ.)

15. Fokin G.A. Tekhnologii programmno-konfiguriruyemogo radio: ucheb. posobiye dlya vuzov
[Software-configurable radio technologies. Textbook for universities]. Moscow: Goryachaya liniya —
Telekom; 2019. 316 p. (In Russ.)

Hugpopmavyun 06 aemopax

Hubéynuc Amutpuii dayapaoBuy, acnupant kadeapsl HHOOKOMMYHUKAIIMOHHBIX TEXHOJIOTHH,
HOHO-Ypanbckuii rocyaapcTBeHHbIH yHUBepeuTeT, Yensonnck, Poceus; inz.radio25k10@gmail.com.

Paro3un Anapeii HukonaeBu4, KaHa. TEXH. HayK, JOI. Kadeapbl 3amuThl HHGOPMAIUH, 011 Ka-
tbenpsl MHOOKOMMYHUKAITMOHHBIX TeXHOJOTHH, HOKHO-YpanbCKuil TOCYJapCTBEHHBIN YHHBEPCHUTET,
YenssOunck, Poccust; ragozinan@susu.ru.

JaposBckux Cranuciap HuxkudopoBu4, n-p TexH. Hayk, npod. kadeapbl HHYOKOMMYHHKA-
HUOHHBIX TexHonoruil, KOxno-Ypanbckuil rocygapcTBeHHbl yHUBepcureT, YemsOunck, Poccus;
darovskikhsn@susu.ru.

KynranatoB Ackap 3aiigak6aeBud, acnupanT Kadeaphl 3EKTPUYSCKUX CTAHIWMA, ceTel U cuc-
TeM 3yeKkTpocHaOkeHus, KOxHO-Ypaiabckuil TocynapcTBeHHbINH yHUBepcuTeT, YensOunck, Poccus;
kulganatov97@gmail.com.

166 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2022. Vol. 22, no. 2. P. 158-167



Yu6éynuc 4.3., Pazo3uH A.H., UccnedoeaHue HesnuHeliHOU yughpoeoli hunbmpayuu cuzsHanoe
Hapoeckux C.H., KynzaHamoe A.3. C ucnoJsib308aHUeM 2eHepamueHo-cocmsizamesibHolU HelipOHHOU cemu

Information about the authors

Dmitry E. Tsibulis, Postgraduate Student of the Department of Infocommunication Technologies,
South Ural State University, Chelyabinsk, Russia; inz.radio25k10@gmail.com.

Andrey N. Ragozin, Cand. Sci. (Eng.), Ass. Prof., Department of Information Security, Department of
Infocommunication Technologies, South Ural State University, Chelyabinsk, Russia ragozinan@susu.ru.

Stanislav N. Darovskikh, Dr. Sci. (Eng.), Prof. of the Department of Infocommunication Techno-
logies, South Ural State University, Chelyabinsk, Russia; darovskikhsn@susu.ru.

Askar Z. Kulganatov, Postgraduate Student of the Department of Electric Power Generation Sta-
tions, Networks and Supply Systems, South Ural State University, Chelyabinsk, Russia; kulganatov97@
gmail.com.

Cmamova nocmynuna ¢ peoakyuio 08.02.2022
The article was submitted 08.02.2022

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 167
2022. T. 22, Ne 2. C. 158-167



