NPUKNAOQHAA UHOOPMATUKA / JOURNAL OF APPLIED INFORMATICS
[ Vol. 20. No.6. 2025 ]

DOI: 10.37791/2687-0649-2025-20-6-52-64

BoccTtaHoBneHue ¢popMbl CUABbHO 3aLLlyMAEHHOI O
CUrHasa Ha ocHoBe UHTerpo-gudpdepeHLmanbLHOro
npeobpasoBaHuA K annpoKcMMmaumm
WUHTEerpanbHON KpUBOU

P.10. I onunoe“, Uu.P ﬂﬂnumf, HnA. Hopocmenkuua1'z, M.B. Mekwereaa'
1yHueepcumem «CuHepaus», Mockaa, Poccusa
2Opnoackuti 20cydapcmaenHeiil yHusepcumem um. M. C. TypaeHeaa, Open, Poccus
‘rgolikov@yandex.ru

AHHOTauuAa. B obnactn undppoBoit 06paboTKU CUrHaNoOB BOCCTaHOBIIEHNE UX HOPMbI MpK
BbICOKOM YpOBHe MNOMeX0BOW COCTaBNAOLLEN NpeacTaBnaeT cobo ogHy U3 OCHOBHbIX NpobneM. Ee
aKTyanbHOCTb 06YC/IOBEHA LLUMPOKUM NPUMeHeHUeM LUQPOBLIX TEXHONIOMUI, U 0COBEHHO OCTPO
OHa CToUT B Tex cdepax, rae Bo3AeNCTBUE NOMEX HEM3DEKHO BIMAET Ha Ka4ecTBO pernucrpauum,
pacno3HaBaHWA M UHTeprnpeTaunn curHanoB. PacnpocTpaHeHHOW pa3sHOBUOHOCTbI MoOMeX
€CTeCTBEHHO0 NPOUCXOXKAEHUA ABNAETCA TENI0BOW LUYM, HeNOCPeACTBEHHO CBA3aHHbIN ¢ paboToin
n3MepuTesibHO-perncTpupyloLlein annapaTypsbl. MonHoOCTbi0 M36aBUTLCA OT 3TOro BMAA LUyMa
HEBO3MOXKHO, 0HAKO COBpEMeHHbIe MeTofbl LippoBo 06paboTKM CMOCOBHbLI 3HAUUTENBHO CHU3UTL
€ro HeraTvBHoe BNusAHMe. B HacTosLLee BpeMs BHUMaHWe ncciefoBaTesiet BCE 60oMbLLe HarnpaBieHo
Ha pa3paboTHy 3BPUCTUYECKUX aNrOPUTMOB, KOTOpPbIE NPEACTaBAIOT CO60M aNbTepHATUBHBIE CMOCO6bI
roJaBJIeHMSA LLYMOBOW COCTaBAAOLLEN U coOXpaHeHUA GopMbl NoSIe3HOo cUrHana. Takue anropuTMbl
XapaKTepu3yloTcA CNOCOOHOCTbIO HAaX0AWUTb NPUBIIMMKEHHbIE peLleHus TaM, rae TpaauLMOoHHbIe
aHaNUTUYEeCKMe U TeXHUYECKMEe MeToabl TepAloT cBo 3d¢PpeKTUBHOCTL. OHM OpUEHTUPOBaHbI
Ha aganTaLMIo K CTOXaCTUHECKOMY XapaKTepy TEMI0BOro LUyMa W npeasiaratoT pasyMHbIA KOMIPOMUCC
Me Oy TPYLOEMKOCTHI0 M TOYHOCTBI0 BOCNPOU3BeAeHUsA NMosie3Horo curHasna. [laHHas cTaTbaA ABNAeTCA
Nponosi*KeHNeM paHee ony6/InMKoBaHHbIX UCC/Ie[0BaHMI MO pa3paboTHe 3BPUCTUHECKMX a/ITOPUTMOB
BOCCTaHOBNEHUA GOPMbI CUSIbHO 3aLLYMJIEHHBIX OUCKPETHbIX cUrHasoB. Ee Lenb — NnpeanoruTb
anbTepHaTMBHbLIM NOAX04 K PeLLeHMI0 3TOM 3a4a4K, OCHOBaHHbIN Ha naee nocnegoBaTeslbHOro
NPUMEHEHWA onepauuit YUCNEHHOO MHTerpupoBaHMA U anddepeHUMpoBaHUA, 06 beONHEHHBIX
npoueaypow annpoKCcUMaLum MHTerpanbHoM KpMBoW. B pe3ynsTraTte ycTpaHAeTcA BINAHWE LLYMOBOW
KOMIMOHEHTbI, BOCCTAHOBJEHHbIN CUFHas coXpaHAeT MHPOPMALIMOHHbIE KOMMOHEHTEI MOIE3HOI0
curHana. 3¢HeKTUBHOCTb NPensIoKEeHHOro anropMTMa onpefensanacb no TeCTOBOMY CUrHany
C HaJTIOKEHUEM UCKYCCTBEHHOIO LUYyMa, MOLENUPYEMOro NMpU MOMOLLIM KOMIMBIOTEPHON CUMYMALUK
reHepaTopa nceBAOCyYalHbIX Yucer. [onyyeHHble pe3ynbTaThl CPAaBHUBANUCL C ABYMA paHee
pa3paboTaHHbIMU 3BPUCTUHECKUMI aNrOPUTMaMU: Ha OCHOBE KYCOYHO-TIMHEMHOM annpoKcMMaLMm
MeTO[O0M HaMMEHbLUMX KBAAPaTOB U Ha OCHOBE YCPEAHEHUA MIHOBEHHbIX 3HAYEHUW CUrHana
Ha yyacTKax pasbueHusa. AHanmM3 NPoLeMOHCTPMPOBAN, YTO pa3paboTaHHbIN afiropUTM CPaBHUM
MO TOYHOCTU C 3TUMU ANITOPUTMAMM, OHAKO OT/IMYaeTCcA 6osbLuei 3dpdeKTUBHOCTLIO NpyU 0bpaboTke
OVCKPETHbIX anepuoanMYecKUX CUrHanoB C eCTECTBEHHBIM 3aLLyMIIEHUEM.
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Abstract. In the field of digital signal processing, restoring their shape at a high level of noise
component is one of the main problems. Its relevance is due to the widespread use of digital
technologies and it becomes particularly acute in those areas where interference inevitably affects
the registration quality, recognition, and signals interpretation. A common type of naturally occurring
interference is thermal noise, which is directly related to the measuring operation and recording
equipment. It is impossible to completely eliminate this noise kind, but modern digital processing
methods are capable of significantly reducing its negative impact. Currently, researchers’ attention
is increasingly focused on developing heuristic algorithms that represent alternative ways of
suppressing the noisy component while preserving the useful signal’s form. These algorithms
are characterized by their ability to find approximate solutions where traditional analytical and
technical methods lose their effectiveness. They are aimed at adapting to the stochastic nature of
thermal noise and offer a reasonable compromise between labor intensity and the useful signal
reproduction accuracy. This article continues previous published research into the heuristic
algorithms development for recovering the shape of heavily distorted discrete signals. The goal is
to propose an alternative approach to solving this problem based on the sequential application idea
of numerical integration and differentiation operations combined with integral curve approximation
procedure. As a result, the noise component influence is eliminated, and the restored signal retains
information components of the useful signal. The proposed algorithm efficiency was determined
using a test signal superimposed with artificial noise simulated via computer simulation of a pseudo-
random number generator. The results were compared with two previously developed heuristic
algorithms: one based on piecewise linear approximation by least squares method and another based
on averaging instantaneous values of the signal over partition intervals. Analysis demonstrated that
the developed algorithm compares favorably in terms of accuracy with these algorithms, but differs
in greater efficiency when processing discrete nonperiodic signals with natural noise contamination.
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KOI/Ia peyb UJIET O CUTHAJNAX C KpalHe HH3-
KM OTHOIIEHUEM «ITOJIC3HBIH CHUTHAT —
occTaHoBiieHHEe (GopMbl curHanoB 1mym» (Signal-to-Noise Ratio, SNR). Ota
SIBIISIETCSL OJTHOM M3 KJTFOUEBBIX MPO- TpoliieMa mpuodperaet BCE OONBITYIO aK-
OsieM B 00JacTH TOJy4eHHs, 00pa- TyallbHOCTh B PA3JIMYHBIX 00JaCTIX HAyKU
OO0TKHM M aHanu3a MHGOpPMALMU, OCOOEHHO U TEXHUKH, BKIIOYAs Paguo(pU3UKy, acTpo-
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