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MACKYBAHHSA BUXITHOI'O CUT'HAJIY, BUBHAYEHHSA MIHIMAJIBHO
HEOBXI/THOT'O PIBHAA MACKYIOYOI'O IYMY

B dawuiii po6omi poszassdaemuvcst 00uH i3 nomeHyiliHUX cnoco6ie 3axucmy uxi0Ho20 cuzHaay, wjo euxodumbs 3a
Medci KOHMpO/Ib08AHOI 30HU, SIK pe3y/abmam O00HO020 3 MONMCAUBUX B8UNAJKIE 8uUsI8/AE€HHS p038i0y8a/nbHUM npulimaiem
Cu2Hay Ha OHI WyMy, CRUPAIOYUCL HA ICHYIOYY MameMamuyHy Modeab KaHaAy 8umoky iHgopmayii i3 3acmocysaHHM
padiomexHiyHoi po3gidku. B nepwiii yacmuHi po3aassHymi 0CHO8HI NO10XCEHHS] BUKOPUCMAHOI MamemMamu4Hoi Model, wo
oOnucye npoyec nepemeopeHHsi NpuliHsImMozo po3eidy8asnbHUM npuliMayem eneKkmpoMdazHIMHO20 KOAUBAHHS 3 Memolo
npuliHsmmsi piweHHs npo HAsI8HiCMb cuzHa/y, npedcmasJ/eHa HepigHicMb 0151 BUHECEHHsl pilleHHs] NPo HAsI8HICMb a6o
gidcymuicmb demepMmiHOBAHO20 cuzHAMy HaA HoHI 6in020 wymy, npusedeHa ¢yHKYiOHAIbHA CXemd ONMUMAIbHO20
npuliMava, onucaHa 3a/aexCHiCMmb 383Ky Mixnc GIOHOWEHHSAM cusHaa/wymy i UmMosipHicmio GUSIBAEHHS CUZHAJLY
ONMUMaabHUM hpuiimaveM, po3easHyma zpadiyHa 3ajexcHicmv UmogipHOCMI 8UsIBAEHHSI CU2HAAY ONMUMAAbHUM
nputimMavyem 3 iOHOWEHHIM CUZHAA/WYM, d MAKOH O0UH 3 MONCAUBUX 8apIAHMI8 8USBAEHHS NpUliMayeMm cuzHaay Ha oHi
WyMy HaA OCHO8I s1k020 y dpyeill yacmuHi npedcmasieHutli nomeHyitiHull cnoci6 0.5 3axucmy 8uxioH020 CUzHaJ1y.

B Odpyeiili vacmuHi po3ensdaemsbesi MOKXCAUBICMb 3an06ieaHHs nepexonaeHHw HPopmayii 3acobamu mexHiuHoi
PO36IOKU WASIXOM MACKYBAHHS CUZHAAY, WO 8UXOO0UMb 3a MeXNCI KOHMPOAbOBAHOI 30HU cneyianbHO chopMOBAHUM WYMOM.
IIpedcmasseHa cmpykmypHa cxema nepexon/eHHs 8UXi0H020 cueHa.y 3acobamu mexHiyHoi po3eidku 6e3 8UKOPUCMAHHS
Mackyruozo wymy. ChopmosaHo 8i0HOWEHHsl CueHa/uym npu 8idcymHocmi a6o HasieHocmi akmugeHoi wymosoi 3asadu,
BU3HAYEHO MIHIMA/ILHO HeO06XiOHULl pigeHb IHMeHcusHocmi Mmackyouoi 3asadu. IlpedcmassieHa cmpykKmypHa cxema
nepexon/ieHHs 8UXi0H020 cuzHaJ1y 3acobamu mexHiuHOi po38idKU 3 BUKOPUCMAHHAM MACKYIO4020 WYMY.

Karouosi caosa: mexuivHutll 3axucm ingopmayii, padiomexHiuHa po3eioka, MAcCKyo4ull wym, MiHiMaabHUl pigeHb
MACKYHY020 CU2HALY, NepexonieHHsl CU2HALY, KOHMPO1b08AHA 30HA.
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MASKING OF OUTPUT SIGNAL, DETERMINING MINIMAL LEVEL OF MASKING NOISE

This paper considers one of the potential ways of protecting the output signal which goes beyond the controlled zone, as a result of one
possible case of signal detection against background noise by interception receiver based on mathematical model of leakage information using
radio engineering intelligence. First part considers the main provisions of used mathematical model and describes the process of converting
electromagnetic oscillation received by interception receiver in order to make a decision about signal presence, presented an inequality for
making decision about the presence or absence of deterministic signal against background of white noise, given a functional diagram of optimal
receiver which performs the specified operations, described signal/noise ratio and probability of signal detection by optimal receiver, considered
graphical dependence probability of signal detection by optimal receiver with signal/noise ratio, considered one of the possible variants of signal
detection by receiver against background noise based on which in the second part presented a potential way of protection the output signal.

Second part considers the possibility of preventing the interception of information by means of technical intelligence by masking
signals that go beyond the controlled zone by means of specifically formed noise, presented structural diagram of interception the output
signal by means of technical intelligence without using masking noise, formed signal-to-noise ratio with absence or presence of active noise
interference, determined minimal value of intensity level of masking interference, presented structural diagram of interception the output
signal by means of technical intelligence using masking noise.

Keywords: technical protection of information, radio technical intelligence, masking noise, minimal level of masking signal, signal
interception, controlled zone

IocTranoBka mpo0/eMH y 3araJibHOMY BHIJISIII Ta 1i 3B’A30K i3 Ba)KJINBHMH HAYKOBMMH Y1
MPAKTUYHUMM 3aBJAHHIMH
Jns nmepexoruienHst KoH(pineHIiHHOT iHpopManii B NpHUMIIIEHHI 3JOBMHCHHK MOXE BHKOPHCTOBYBATH
BEJIMKUH apceHal TEXHIYHMX 3aco0iB po3BiAKM.. TexHiuHI 3acO0M pPO3BIIKH JIO3BOJISIOTH IEPEXOILTIOBATH
iHpOpMalio M0 aKyCTHYHOMY, BIOPOAKyCTHYHOMY, €IEKTPOAKYCTUYHOMY Ta iHIIUM KaHasnaM. OJTHUM 13 MOXKIMBUX
croco0iB mpoTuaii BHUTOKaM TII0 JaHUM KaHajJaM SABISETHCS AaKTHBHE MACKyBaHHS BHXITHOTO CHTHAIY
HU3BKOYACTOTHHUM BiJPi3KOM OUTOT0 mryMmy. AKTyasIbHICTh poOOTH HOJISTaE B TOMY, III0 Ha OCHOBI iCHYIOYOi MO
BUTOKY iH(opMaIlii B yMOBaxX pagiOTEeXHIYHOI PO3BIIKM MPEACTABICHO MOXJIMBICTH 3arOOIraHHS MEPEXOIICHHIO
KoH(GiaeH iitHOT iHdopMaIii 3acobamMu TEXHIYHOT PO3BiJIKH NUISXOM MAaCKyBaHHS CUTHAJIB, 110 BUXOJSAThH 33 MEXI
KOHTPOJIbOBAHOT 30HM CIEIlialbHO C(HOPMOBAHUM IIYMOM, HABOJWUTHCS AITOPUTM BHU3HAYEHHS MIiHIMAIBLHO-
HEeoOXiTHOTO PiBHS IHTEHCUBHOCTI MAaCKyIO4OT0 LIyMy.
AHaJi3 1ocaigKeHb Ta myOaikauin
B poboti [1], st 3axucty Mepexi KOTHITHBHOTO Pajio i MOTIpLIEHHS SIKOCTI CHIHANY IIE€PEXOIICHHS
HPOIIOHYETHCSI BUKOPHCTOBYBATH IUTYYHUH IIyM, B CTATTI [2], /U1 3HWKEHHS HMOBIPHOCTI EPEXOIUICHHSI CUTHAITY
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OyB 3alpoONOHOBAaHMH METOJ] MAacKyBaHHs, KA B pe3yJbTaTi IIyMONOAIOHOTO MOJEIIIOBAHHS JI03BOJISIE OTPUMATH
CUTHAJI CXOXKMH Ha IIyM, TUM CaMHM 301JIbLIYIOUN HOT0 KOH(]IIEHUIHHICTh Y pa3i NepexoIuleHHs, a B poooTi [3]
MIPEJCTaBICHAN METOXA Il TeHepallii CHrHally, sSKHi 3a0e3medye OUTbIIy MacKyrody 3[aTHICTH B IOPIBHSHHI 3
OUTIM ITyMOM, IO IMiJBHUINYE CKIAaTHICTH OTPHIMAaHHS KOPHCHOI rojIocoBoOi iH(popMamii y pasi ii mepexorureHas. B
crarTi [4] mpeacTaBIeHO BAOCKOHAJICHUN aIrOPUTM aKyCTHYHOT'O MAacKyBaHHS, 3alpPOIIOHOBAHHH CIIOCIO JO3BOIISIE
ICTOTHO WiABHIIMTH Oe€3MeKy TroJocoBoi iHopMamii i CKIAAHICTh Aemm(pyBaHHS OIS MPOCTYyXOBYBaHHSA.
ExcnepuMeHTanbHi pe3ylbTaTH MOKa3yIOTh, IO 3TCHEPOBAHMWN TOJIOCOBHH ITyM MAa€ IOCTATHIA MacKyBaJlbHUHA
e(exT i B TOU ke Jac SABIAETHCS KOMPOPTHUM AJIST TOTO, XTO TOBOPUTE. B po0oTi [5] BUKOPHCTOBYETHCS METOJT Ha
OCHOBI MoOJieJli TeHepaTopa 3 IMIYJIbCHHM 3B'S3KOM, /I HaJallTyBaHHS CHHXpOHi3alii repepadi IIyMOBOTO
curHaiy. J{ns mokpaiieHHs! NPOJYKTUBHOCTI 3alPOIIOHOBAHOTO METOJY, BBOJHUTHCS METO]] IIEPEHACTPOMKH CTaHy
CUHXpPOHI3alii, a A1 OLIHKK HOT0o epeKTHBHOCTI BHKOPUCTOBYETHCS MOACITIOBAHHSL.
®opmya0BaHHA Wijeil cTaTTi

Metoio po6orm € 3abe3nedyeHHs 3axuCTy iHpopMamii HUIIXOM MAacKyBaHHS BHXIJHOTO CHTHAIY,

BH3HAYCHHS MiHIMaJIbHO HEOOXiTHOTO PiBHS MACKYIOUOTO ITyMY.
BukJjiag ocHOBHOro Martepiaiy

Buxkopucrana B mocimimkeHHI Monxenb [6], 6a3ylodynch Ha IOJIOKEHHSX TEOpii ONTUMAIBHOTO NPHIHOMY,
OTIMCY€E TPOILEC IEPETBOPEHHS MPUHHATOTO PO3BIAYBaJIbHIM IPHHMaueM €ICKTPOMAarHiTHOIO KONMBAHHA 3 METOIO
NPUHHATTS PilICHHS PO HasBHICTH CUTHAIY PO3BIAYBAJIbHUM PaAiOCICKTPOHHUM IIPHCTPOEM BPaxOBYIOUH BUMOTH
HE3aHIKEHHS OI[IHKH MOXKIIMBOCTEH PO3BIAKH.

[Tpu BupileHHI 3a7a4 B KOHTEKCTI JaHOI Teopii BiJANOBiAb NMOBHMHHA OyTH OTpUMaHa SK Ha OCHOBI
mornepeHiX (ampiopHUX) BiOMOCTEH MPO CUTHAT Ta 3aBajy, TaK 1 Pe3yJabTaTiB aHAi3y JaHUX, [0 MICTATHCS B
NPUIHATOMY KOJIMBaHHI. TakuM YMHOM, OTpUMaHa (piHaJIbHA 3aJIEKHICTB!

2 7 E . W,
q=-2 [e(®)s(t)dt> S _p
NO 0 NO Wpr (1)
ne ( — BIJHOIICHHS CHTHAJ/IIYM; N0 — CHeKTpalbHa TycTHHA mymy; &(t) — mpuilHATE KOJMBAHHSI, IO

TpeicTaBse OO0 CYMIlT CHTHAMY Ta MIyMy i OTHCYeThes 3anexHicTio &(t) = s(t)+n(t), Wor(1) i Wpr(0) anpiopsi
HMOBIPHOCTI HasiBHOCTI a00 BiJICYTHOCTI CUrHaja, h — moporoBuii piBeHs.

3 naHoi 3aJIeHOCTI BUJIHO, IO JJIsl BAHECEHHSI PILLIeHHS PO HasBHICTH 200 BiJCYTHICTH JETEPMIHOBaHOTO
CHUTHAJIy, OTPUMAHOro Ha (oHi Ginoro mymy moTpibHO MpHUHATY peamizamito &(t) mepeMHOXHUTH 3 curHaioMm S(t),
MPOIHTErPyBaTH OTPUMaHy 3aJeXKHICTh 3a yacoM T, ae BioMa peajizaiisi, i pe3ysbTaT iHTErpyBaHHS MOPIBHSTH 3
noporom H, BU3HaueHuM i3 npaBoi 4acTuHU (Gopmynu. SKIO MOPOTroBUid piBEeHb NMEPEBHLICHHUMN, TO MPUIMAETHCS
piLlIeHHsS MPO HAsBHICTH CHTHANY. SIKIIO X MOPIr HEe NEPeBHIIECHHH, TO KOHCTATYETHCS BIJCYTHICTH CHUTHANY.
dyHKIIOHAIBHA CXeMa IpHiiMaYa, SIKHH 31iICHIOE BKa3aHi omnepalii nprBeaeHa HIKYe:
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Puc. 1. OnTuManabHa cXeMa /Il BUSIBJICHHS 1eTePMiHOBAHOTO CHTHANIY Ha QoHi ymy

[Ipu 3amanoMy piBHI mopora 3B’S30K MK BiJHOIIEHHSM CHIHAJ/IIYM i WMOBIPHOCTI BUSIBICHHS CHT'HAILY
ONTUMAIEHUM MTPUHMAYEM OITUCYETHCS HACTYITHOO 3aJICKHICTIO!
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ne Pxr - BiporizHicTs XMOHOT TPUBOTH ITPY IPUHOMI CHTHAITY.
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Puc. 2. Kpusi BusiBjieHHs1
XapakTepHHUI BUTIISI KPUBOI BHUSIBJICHHS, SIK 3aJI€KHOCTI HMOBIPHOCTI BHSIBJICHHS CHI'HAJIY ONTUMAaIbHUM
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NpUiMaydeM 3 BIHOIIECHHSIM CUTHAJ/IIYM IpeCTaBJIeHa Ha PUCYHKY 2:

Sk pe3ynbrat poOOTH NpuiiMaya, B MOJEI TaKOX PO3IIISIHYTI MOXKIIMBI BapiaHTH BUSIBIICHHSI CUTHAITY Ha
(omi rymy. Ha 6a3i ogrOTO 3 BUmaaKiB (puc. 3) po3rIHYTO MOTEHIIHAH cTI0Ci0 3aXHUCTyY BUXiTHOTO CUTHAIY, IO
BUXOAUTB 338 MEXI KOHTPOJILOBAHOT 30HH:

Puc. 3. OnuH i3 MOKTHBHX BapiaHTiB BUSIBJIEHHSI MpHiiMayeM CHIHAJTY HA (oHi mIyMy NpH sIKOMY CyMilll CHTHAJTY Ta IIyMY HepeBHILYE
BCTaHOBJIeHuii mopir H.

PosrisiHeMoO MOXKIIMBICTE 3ar00iraHHs IMEePEeXOIUICHHIO iH(popMaIlil 3aco0aMu TEXHITHOI PO3BIIKH MIITXOM
MacKyBaHHS CHTHAJIIB, III0 BUXOATH 32 MEKi KOHTPOJIHOBAHOI 30HH, CIEIiadbHO cOpMOBaHMM mryMoM. HaitOinpm
ONEpaTHBHUM Ta EKOHOMIYHMM BHpILICHHSAM IIbOTO 3aBJAHHS € AaKTUBHE MAacKyBaHHS BHUXIJHOTO CHUTHAIy
HU3bKOYACTOTHHUM BiIPI3KOM O110TO IIyMy.

BusHaunMo HeoOXifHWI MiHIMalIbHUI PIBEHb MAacCKyHOUHMX IIYMIB JUIS 3aXHCTy CHTHAJIA 32 MEXaMH
KOHTPOJIbOBAHOI 30HHU. PO3MIITHEMO CTPYKTYPHY CXEMY IMEPEXOIUICHHS BHUXIIHOTO CHTHaja 3aco0aMH TEXHIYHOT
possinku (3TP):

Puc. 4. CTpyKTypHa cxeMa nepexonjieHHs BuXiaHoro curnaaa 3TP
ne S — TecToBUMii cUTHAI;
Y — aAUTUBHA CyMIIll BUXIHOTO curHaia X i 30BHIMHBOTO Iryma N;
K(f) — xomIIekcHa 4acTOTHA XapaKTEPUCTHKA OTOPOXKYIOUO0T KOHCTPYKIIIT;
3TP — 3acib TeXHIYHOT PO3BIIKH.
Skmro Mackyrounii mym BiacytHii (M = 0) i Ha BUXO/i CXeMHU Jli€ afUTHBHA CYMIIll BUXiTHOTO CHTHAITY X
i3 30BHIIIHIM ((poHOBUM) mrymMmoM N —

Y =VX?+N?
Toni BUXiTHUI CUTHAI Xi:
Xi=’\/Yi2_Ni2 =Si 'K(fi) (1)
n

Hexaii Ha BUXOHI KOHTPOJIHOBAHOI 30HW BCTAHOBJICHO IESKUI MOPIT H. mns 3TP. Toni PO3IJITHEMO

in

BHIIA/I0K, KOJIM CUTHAII He 3aXULleHui i nepesuiye nopir H,; , To6to

H, —H =AH, ®
ze AHi — MEPEBUIIEHHS CUTHAJIOM 1ToporoBoro piHs 3TP

H, =H, +AH, @®)

VY 1mpoMy BUMNAIKY, 3ajada aKTHBHOTO MAacCKyBaHHS MOJISTAaE B 3aJaBaHHI TaKOro MiHIMaabHOTO DPiBHS
MacKyl4oro CUTHaJa |\/|i TIPH STKOMY HM, >HiH
1

Jnst BukoHanHst ymoBH (2.3), chpopMyeMo akTHBHY IIyMOBY 3aBany M. JlaHa 3aBaja BiApi3HSETHCS Bif
30BHIIIHLOTO (POHOBOTO ITYMY BiJHOCHO CTa0UIBHOIO iHTEHCHBHICTIO 1i ()OpMyBaHHsS Ha TPOTA3i BCHOTO HaCy
JKUTTEBOTO LMKy BHUXIJHOTO CHTHaJy. 3alMIIEMO BIJHOLIEHHS CHI'HAI/IIyM B KiHeMaTH4HIA (opmi Uil JBOX
3HAYEHb aKTHBHOT IyMOBOi 3aBagu M = 0 i M # 0;

- (Si'K (fi))2
i Niz

IpuM =0
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Ipu M # 0:
2
_ (Si K (fi))
M 2 2
' N +M;
e 0;, Oy - BiOHOIIEHHA CUTHA/IIyM IIPU BiJCYTHOCTi aKTMBHOI MacKylouoi 3aBaJM 1 IPH HAaIBHOCTI
I
aKTHUBHOI IITyMOBO] 3aBaI! BiITOBiTHO.
3amumeMo BiHOLICHHS BUAY:
! M
=141 =5Q, @)
N
O, i
e 0Q. - kiHemaTHYHE 3HAYEHHS IEPEBUILEHHS CHTHATOM NOpOrosoro pisus 3TP.

I3 Bupasy (2.4), kKiHeMaTUYHHUHA MapaMeTp MacKyrouoi 3aBaju, 3abe3neuytodnii piBHICTH (2.3), sBISE€THCS
MiHIMaJIFHO HEOOXiTHUM piBHEM IHTEHCHBHOCTI MAaCKyIO4Oi 3aBajIi:

®)

Puc. 5. CTpyKTypHa cxeMa nepexoruieHHsl BUXiiHoro curnana 3TP 3 BukopucraHHsm Mackylo4oro mymy M

e Y* — aguTHBHA CyMilll BUXiJHOTO CHTHaNa X 3 MACKYIOUHM IIyMOM M;
Y — auTHUBHA CYyMIIll BUXiTHOTO cUTHaNA X 3 MACKyFOUuM mryMoM M i 30BHIIIHIM mrymMoM N.

BucHOBKM 3 1aHOT0 AOCJiIKEHHS i NepCNeKTHBY NMOJAIbIIMX PO3BIAOK Y JaHOMY HANIPAMI

B xoni mpoBeeHOro 0CHiDKEHHS, B IIEPIIiil 4yacTuHI poOoTH OyJiM MpoaHaji30BaHi OCHOBHI MOJIOKEHHS
BUKOPHCTaHOI MaTeMaTHYHOI MOJIeJi KaHally BUTOKY iH(opMalii i3 3aCTOCYBaHHAM PaJiOTEeXHIYHOI PO3BiaKH, OYB
PO3TIISTHYTHH OJIWH i3 MOXJIMBUX BapiaHTIB BHSBJICHHS NpHiiMaueM CUrHaly Ha (OHI IIyMy Ha OCHOBI SIKOTO y
JPYTid YacTUHI MPEACTABICHUN MOTCHIMHUN CHOCIO IJIsl 3aXHUCTy BHXIJHOTO CHUTHATY, II0 BHUXOAUTH 338 MEXI
KOHTPOJIbOBAHOI 30HHU.

SIk pe3yabTaT OJHOTO 3 MOMJIMBUX BUIAJKIB BHUSBJICHHS PO3BilyBaJbHUM NpHUAMadeM CUrHaidy Ha QoHi
mrymy,-OyJia OTpHMaHa 3aJIeXKHICTh (5) s BU3HAYCHHS MiHIMaJTbHO HEOOXITHOTO PiBHA IHTCHCHBHOCTI MAacCKyHOUO1
3aBajiy, KA BiIPiI3HAETHCS Bill 30BHIOTHHOTO (POHOBOTO IIYMY BiTHOCHO CTaOLTEHOIO iHTEHCHBHICTIO ii hopMyBaHHS
Ha MPOTA3i BCHOrO Yacy KUTTEBOTO LUKIY BUXIJHOTO CUTHANY JUIA 3amo0iraHHs HOro MEepeXOIUICHHIO 3aco0aMu
TEXHIYHOT PO3BIAKH.

Jlirepatypa

1. Yanan Wu, Xiaoming Chen, Xianfu Chen. Secure beamforming for cognitive radio networks with
artificial noise. International Conference on Wireless Communications & Signal Processing, October 2015.

2. You Wu, Cheng Chen. The Noise-like Disguised Scheme for Physical Layer Security Using Phase
Rotation And Wavelet Transform. 5th International Conference on Systems and Informatics, November 2018.

3. Jiang Jingsai; Li Ye; Zhang Peng; Hao Qiuyun; Ma Xiaofeng; Fan Yanhong. Adaptive acoustic masking
based on spectral envelope. International Conference on Audio, Language and Image Processing, July 2016.

4. Jingsai J., Ye L., Peng Z., Yanhong F., Xiaofeng M. and Qiuyun H. Acoustic masking based on time-
reversed speech. 2016 IEEE Information Technology, Networking, Electronic and Automation Control Conference,
Chongging, China, 2016, pp. 905-909, doi: 10.1109/ITNEC.2016.7560493.

5. Oyama T. and Taniguchi Y. A self-organizing noise signal transmission method to make eavesdropping
difficult in wireless networks. 2022 IEEE International Conference on Consumer Electronics - Taiwan, Taipei,
Taiwan, 2022, pp. 151-152, doi: 10.1109/ICCE-Taiwan55306.2022.9869083.

6. Csraeea O.0. JlocmimpkeHHS Ta pO3poOKa MaTeMaTHYHOI MOJECTI JpKepena HeOE3MeYHOro CHUTHATY

234 Herald of Khmelnytskyi national university, Issue 4, 2023 (323)



TexHiuHi HayKu ISSN 2307-5732

BTpaTy iH(opManii B 0aHKIBCbKMX CHCTEMaXx : JiC. MaricTp. Xapkis, 2012. 24 c.

References

1. Yanan Wu, Xiaoming Chen, Xianfu Chen. Secure beamforming for cognitive radio networks with artificial noise. International
Conference on Wireless Communications & Signal Processing, October 2015.

2.You Wu, Cheng Chen. The Noise-like Disguised Scheme for Physical Layer Security Using Phase Rotation And Wavelet
Transform. 5th International Conference on Systems and Informatics, November 2018.

3. Jiang Jingsai; Li Ye; Zhang Peng; Hao Qiuyun; Ma Xiaofeng; Fan Yanhong. Adaptive acoustic masking based on spectral
envelope. International Conference on Audio, Language and Image Processing, July 2016.

4. Jingsai J., Ye L., Peng Z., Yanhong F., Xiaofeng M. and Qiuyun H. Acoustic masking based on time-reversed speech. 2016 IEEE
Information Technology, Networking, Electronic and Automation Control Conference, Chongging, China, 2016, pp. 905-909, doi:
10.1109/ITNEC.2016.7560493.

5.Oyama T. and Taniguchi Y. A self-organizing noise signal transmission method to make eavesdropping difficult in wireless
networks. 2022 IEEE International Conference on Consumer Electronics - Taiwan, Taipei, Taiwan, 2022, pp. 151-152, doi: 10.1109/ICCE-
Taiwan55306.2022.9869083.

6. Siahaeva O.0. Doslidzhennia ta rozrobka matematychnoi modeli dzherela nebezpechnoho syhnalu vtraty informatsii v bankivskykh
systemakh: ma: dys. mahistr. Kharkiv, 2012. 24 s.

BicHuk XMeabHUYbK020 HAYioHA/IbHO20 YHigepcumemy, Ne4, 2023 (323) 235



