NPUKNAQHAA UHOOPMATUKA / JOURNAL OF APPLIED INFORMATICS
[ Tom 20. N2 2. 2025 |

DOI: 10.37791/2687-0649-2025-20-2-97-111

[lpMeHeHMe HENMPOHHbIX ceTen AnA
BOCCTaAHOBJIEHUA HENMpepbIBHOI O rNpeAcTaB/ieHUA
CUrHana no UCKpeTHbIM O0TCYeTaM, B3ATbIM
B C/ly4anHble MOMEHTbl BpeMeHMU

A.10. ﬂytmoe", M.B. Makcumku', H.H. HPOKUMHOBZ, M.H. Mawez06’
'@unuan HayuoHaneHo2o ucciedosamescKo2o yHusepcumema «M3W» @ 2. CMoneHcke, CMoneHcK, PoccusA
2YHusepcumem «CuHepaus», Mockaa, Poccus
‘putchkové63@mail.ru

AHHoTauma. Lndposaa obpaboTKa curHanoe B cocTaBe Kubepdusmyeckux
TEXHOMOrMYECKNX CUCTEM OCHOBbLIBAETCA Ha afiroOpUTMax, onepupyoLLnX nHpopMaLmen,
npeacTaBfeHHON B OUCKPETM3MPOBAHHOM BUAE KaK MO YPOBHIO, Tak U MO BpeMeHMU.
B nocneaHeM criyyae npeanosaraetcs NMOCTOAHCTBO MHTepPBasia BPEMEHHOro KBaHTOBaHMsA
Kak 0[IHOr0 M3 MOCTY/IMPYEMbIX YCIOBWUIA ANA NPpUMeHeHUs anropuTMoB. B To e Bpems
Ha MpaKTWKe TaKoe MOCTOAHCTBO obecrneynBaeTcA Aasieko He Bcerga, YTo NpMBOAUT
K NMPOMYCKY OTAE/bHbIX OTCYETOB UM AaKe K CJly4allHOMY XapakTepy AMCKpeTU3aLuu.
Mo3ToMy aKTyaslbHOM MUcCNedoBaTeIbCKOM 3afayelt cTaHOBUTCA pa3paboTKa MeTo40B
1 anropmMTMoB 06paboTKM CMrHAMNOB B YC/IOBUAX C/lyYaHON OUCKPETU3aLMM, B YaCTHOCTM
AN1A BOCCTAHOBMIEHWNA HEMpepbIBHLIX CUrHAMO0B M0 UX AWCKPETHbIM oTcYeTaM, B3ATbIM
C HapyweHueM TpeboBaHuin TeopeMbl KoTenbHuKoBa — LUeHHoHa. Ecnn vHTepBan
OVCKPEeTU3aL MmN HenpepbiBHOMO CUrHasa paccunTaH ¢ y4eToM ee TpeboBaHUi (To ecTb,
LVCKpeTM3auma NpoBefeHa C YacToToW He HUMKe YacToTbl HaikBucTa), To fonycKaeTcsa ero
TOYHOE BOCCTaHOBJ/IEHME MO OUCKPETHLIM 0TCHYeTaM, B MPOTUBHOM Cjly4ae 3TO HEBO3MOMHO.
OZHaKo M 4N1A 3TOM CUTyaLMM CYLLeCTBYIOT MOAX0Abl K BOCCTAHOBMIEHMIO HEMPepbIBHbIX
CUrHaNoB, KOTOopble YUYMUTLIBAIOT AOMOSHUTENbHYIO anpUopHY0 MHGOopMaLMIo o NpMpoae
curHana. YacTb Takux MOAX04OB OCHOBaHa Ha CJIOXKHOM MaTeMaTU4YecKoM annaparTe,
yTO OenaeT UX TPYAHO MPUMEHUMBLIMU N HEYHUBEPCallbHbIMK, ApYras YacTb UCMONb3yeT
rny6oKkune Modenn MaluMHHOro 06yyYeHus], 3aTpaTHble B NiaHe BbIYMCIUTESIbHLIX PecypcoB
1 TpeboBaTenbHble K 06 bemMaM 06yYaloLMX AaHHbIX. B 3TUX ycnoBuAX NpeanoxeH MeToq
BOCCTaHOBJ/IEHUA CUIHasa C OrpaHUYeHHbIM CNIEKTPOM MO AUCKPETHLIM 0TCYETaM, BpeMeHHO
WHTEpBas MexJy KOTOpbIMM CJTy4aeH, a ero MaTeMaTU4ecKoe oXKuaaHue 60siblue BeNNYMHBI,
onpegendeMoit Teopemoit KoTenbHuKkoBa — LLleHHOHa AnA perynsapHon OUCKpeTU3aLmu.
HoBu3Ha pe3ynkTaToB 1cciedoBaHWUA 3aK/io4MaeTcA B Npea/oKeHHOM MeToae U anroputMe
BOCCTaHOBJIEHWUA HEMPEPbLIBHOMO CUrHaNa, a TaKMHe B pe3yfbTaTax aHann3a YUC/IEHHOro
JKCMNepUMeHTa, NpoBeaeHHOro ¢ NporpamMMHoi Modesblo, BbiNosIHeHHOM B cpede MatLab
1 peanusyioLLeit paspaboTaHHbI airopuUTM.

KnioueBble cnoBa: Teopema KotenbHuKoBa — LLeHHOHa, cnyyaiiHaa OMCKpeTU3aumA CMrHanos, YactoTa
HalKBKUCTa, NCKYCCTBEHHbIE HEMPOHHbIE CETU
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Abstract. Digital signal processing in cyber-physical technological systems is based on
algorithms that operate with information presented in a discretized form both by level and
by time. In the latter case, the constancy of the time quantization interval is assumed as one
of the postulated conditions for the application of algorithms. At the same time, in practice,
such constancy is not always ensured, which leads to the omission of individual samples or
even to a random nature of the discretization. Therefore, an urgent research task is to develop
methods and algorithms for signal processing under conditions of random discretization, in
particular, for the restoration of continuous signals from their discrete samples taken with
violation of the requirements of the Kotelnikov — Shannon theorem. If the discretization interval
of a continuous signal is calculated taking into account its requirements (i. e. discretization is
carried out with a frequency not lower than the Nyquist frequency), then its exact restoration
from discrete samples is allowed, otherwise it is impossible. However, even for this situation,
there are approaches to the restoration of continuous signals that take into account additional
a priori information about the nature of the signal. Some of these approaches are based on
complex mathematical apparatus, which makes them difficult to apply and not universal,
while others use deep machine learning models that are expensive in terms of computational
resources and demanding in terms of training data volumes. Under these conditions, a method
is proposed for restoring a signal with a limited spectrum from discrete samples, the time
interval between which is random, and its mathematical expectation is greater than the value
determined by the Kotelnikov — Shannon theorem for regular discretization. The novelty of the
research results lies in the proposed method and algorithm for restoring a continuous signal,
as well as in the results of the analysis of a numerical experiment conducted with a software
model executed in the MatLab environment and implementing the developed algorithm.
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BseneHue
U(POBBIC YCTPOUCTBA, TPUMEHSIEMBIE
B CHCTEMaX MOHMTOPUHTA U YIPaB-
JICHUA TCXHOJIOTUYCCKUMU MIPOLCC-
camu, 00pabaThIBaIOT CUTHAJIBI, TUCKPETH-
3UpOBaHHbBIC 110 BpEMEHU U YPOBHIO. B pe-

3yJbTaTe TAKOM AUCKPETU3ALIUU 00pa3yoTCs
BpPEMEHHbIE PSAJIbI, MPEACTABISIONINE COOOH
HaOOpHhl Nap {3HaU€HHE CUTHAJIa; MOMEHT
BPEMEHHU M3MEpEeHHUs curHaina}. Beioop xo-
JUYecTBa YPOBHEHM MUCKpETU3AIUU OIpe-
nensiercs TpedyeMoi TOUHOCTBIO IPe/ICTaB-
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