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1. MeTonu Ta nmporpamHi 3acobu Basizauii MaTeMaTUYHUX MOJiesIell PO3IIOBCIOIKEHHS aKyCTUYHUX XBUJIb [1JIS]

IIpOrpaMHO-anapaTHUX KOMILIEKCIB
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and Hardware Complexes Qualifying scientific work as a manuscript

Pedepar/anoTanis:

1. AKTyaspHICTb TEMU 3yMOBJIEHA THM, 110 Cy4aCHi IPOrpaMHO-aNapaTHi KOMIJIEKCH TipOaKyCTUYHOTO
[IPU3HAYEHHS [lelajli IMPIIe BUKOPUCTOBYIOTh PE3YJIbTATH YMCEJIbHOIO MOZEIOBAHHS JJ1s1 aHAi3y aKyCTUYHUX
T10JIiB, OL[iHIOBAaHHS NTAPAMETPIB CEPENOBUIIA, NIATPUMKU €KCIIEPUMEHTAIbHUX AOCIIIKEHD 1 IPUMHSTTS
iH)KeHepHUX pillleHb. Y TAKMX KOMIIJIEKCAX MaTEMATUYHA MOJIEJIb € HE i30JIbOBAHUM TEOPETUYHUM O0'€KTOM, a
YaCTHUHOIO [IPOTrPAMHOI CUCTEMHU, PE3YJIbTaT POOOTU SKOi MalOTh 6YTH JOCTaTHBO JOCTOBIDHUMU [J1s1 TPAKTUYHOTO
3aCTOCYBaHHA. TOMY B&KJIMBUM € He JiMIle 0Oy IyBaTu MaTeMaTU4HY MOJ€JIb PO3IOBCIOIKEHHS aKyCTUYHUX
XBUJIb, @ 11 3206€3MeYUTH il KOPEKTHY Basijalilo 3a JaHMMU HaTypHUX BUMipIOBaHb. Y MPaKTUYHUX 3a7a4ax

ripoakyCTHKY Bajiallisi MaTeMaTUYHUX MOJiesIel YCKIIQIHIOEThCSI HU3KOI0 PakTopiB. [lo-nepiie, pe3yabTaTu



YMCEJIBHOTO MOJIEJIIOBAHHS Ta €EKCIIEPUMEHTAJIbHI IaHi 4aCTO MalOTh Pi3Hi YaCTOTH AuCKpeTr3auii. MogenbHun
crrHasn popMyeThCs BiATIOBITHO 10 IapaMeTpPiB YMCEIbHOI CXeMU, IIPOCTOPOBOIO KPOKY, YACOBOT'O KPOKY Ta YMOB
CTilIKOCTI, TOJIi SIK HATYPHi BUMipIOBaHHS PEECTPYIOThCS allapaTypolo 3 BIaCHOIO (PiKCOBaHOIO YaCTOTOIO
JUCKpeTu3alii. YHACIiLOK UbOro IIpsiMe IMOPIBHSHHS YaCOBUX PSAIB € MATEMAaTUYHO HEKOPEKTHUM i MOXKeE
[IPU3BOAVTHU [0 IIOMUJIKOBUX BUCHOBKIB 10A0 AKOCTI Mogeri. [lo-npyre, HaTypHI TigpoaKyCTU4Hi CUTHAIN MiCTATD
IIYMOBI CKJIQJIOBI, arlapaTHi CIOTBOPEHHS, Pa3oBi 3MillleHHS, JIOKaJIbHi QuyKTyaLlii aMIIiTy 1 Ta iHmi ¢pakTopu, ki
YCKJIQOHIOIOTb 3iCTaBJIEHHS 3 pe3yJbTaTaMU YMCEJILHOTO MOZE/I0OBaHHs. ToMy OLiHIOBaHHS TOUYHOCTI IOTpedye He
IIPOCTOTO MOPIBHSIHHS «CUPUX» CUTHAJIIB, a IONIE€PENHBOI MiATOTOBKY JAaHUX, QibTpallii, peCeMILIHTY,
CIIEKTPAJILHOTO BUJIJIEHHS KOPUCHOI CKJIa[I0BOi Ta BUKOPUCTAHHS CTaTUCTUYHMX METPUK Ha Y3rOKEHUX PsAlax
naHux. [lo-Tpere, IpakTUYHE 3aCTOCYBAHHS YMCEJIbHUX MOJEJIEN y CKiIaZi IPOrpaMHO-allapaTHUX KOMILIIEKCIB
0OMEXY€ETbCSI JOCTYITHUM 4aCOM BUKOHAHHSI, OOCSITOM OIE€PaTUBHOI aM’sITi Ta HEOOXiHICTIO BUKOHAHHS CePifHUX
nporoHiB. [lifBUIIeHHs! TOYHOCTI MOJIeJli 32 paXyHOK 3MEHIIE€HHS KPOKY CiTKH, 301/IbIIE€HHS KiJIbKOCTI By3JIiB Ha
IOBXUHY XBUJI 200 BUKOPUCTAHHS 6iJiblll KOHCEPBAaTUBHUX I1apaMeTPiB [IOTJIMHAaIbHUX IapiB 3a3BUYail IPU3BOAUTD
IO CYTTEBOTO 3pOCTAaHHS OOYMCIIIOBAJIBHUX BUTPAT. TOMY B IPAaKTMYHUX YMOBAX BKJIMBO HE TiJIbKUA 3HANTU
KoHiryparito 3 MiHiMaJIbHOIO TIOXUOKOIO, a i BUBHAYUTH TaKy 06JIACTh NTapaMeTPiB MOAEM, sIKa 3ab6e3reyye
IIPUMAHSATHY TOYHICTb 32 JOIIYCTUMUX BUTPAT Yacy Ta Mam’siTi. 3 aHasizy 3a3HaYeHUX 0OMeXKeHb BUIJINBA€ BUCHOBOK,
1110 aKTyaJIbHOIO € HAYKOBO-IIPUKJIQZHA 337ja4a pO3pOOJI€HHS METOIIB i MPOrpaMHUX 3ac06iB Baslifalii JUCKpeTHUX
MaTeMaTU4YHUX MOJIeJIell PO3MOBCIOMIKEHHS aKyCTUYHMX XBUJIb, SIKi 320€311€4yI0Th KOPEKTHE Y3TOIKEHHS
MOJeJIbHUX | HATYPHUX CUTHAJIIB, KiJIbKiCHE OIiHIOBaHHS iX y3rOIpKEHOCTi Ta aBTOMaTU30BaHUN BUOip
napaMeTprUyHuX KOHDIrypariiil, IpuAaTHUX 10 BUKOPUCTAHHS Y peajbHUX IIPOrpaMHO-anapaTHUX KOMILJIEKCax 3a
YMOB 00MEXEHUX 004K CIIIOBAIbHUX pecypciB. HaykoBe 3aBIaHHs AuCepTalifiHoi po60Ty nosisirae y po3pobseHHi
METO/IB i MpOrpaMHUX 3aC00iB BaJlifiallii AMCKPETHUX MaTEMAaTUYHUX MOJIeJIEN PO3IOBCIOIKEHHS aKyCTUYHUX
XBUJIb, SKi HA OCHOBI y3rOJI)K€HHS P€3yJIbTaTiB YMCEIBHOTO MOJEJIIOBAHHS 3 TaHUMU HAaTYPHUX BUMiPIOBaHb
3a0€31e4yIoTh IiJ]BUIIEHHS JOCTOBIPHOCTI OLiHIOBaHHS TOYHOCTI MogeJii Ta GopMyBaHHS 06J1aCTi JOIyCTUMUX
[apameTpiB YUCEJIbHOI ITIOCTAHOBKY 32 KPUTEPIIMU YUCENILHOI KOPEKTHOCTI, PECYPCHOI 31ilICHEHHOCTI 11 JOCTaTHbOI
TOYHOCTI. MeTol0 gucepTauii € MigBULeHH [IPaKTUYHOI IIPUIATHOCTI IPOrpaMHO-aNapaTHUX KOMILIEKCIB
ripoaKyCTUYHOTrO NPU3HAUEHHS! LIUISIXOM PO3PO0JIEHHSI METOIB i NporpaMHuX 3aco6iB Bajiganii AUCKpeTHUX
MoJeJsell pO3MOBCIOIKEHHS aKyCTUUYHUX XBUJIb, SIKi 320€3I1€4yI0Th KOPEKTHE IIOPiBHSIHHS 3MO/J1€/1IbOBAHUX i
HaTypHUX CUTHAaJIiB Ta aBTOMaTU30BaHUI BUOIp peCcypCHO-e(EKTUBHUX [TapaMeTPiB YMCEIbHOI MOIE 32 3aJaHUM

PiBHEM TOYHOCTI.

2. The relevance of the topic is determined by the fact that modern software and hardware complexes for
hydroacoustic applications increasingly use numerical simulation results for acoustic field analysis, estimation of
environmental parameters, support of experimental studies, and engineering decision-making. In such complexes,
a mathematical model is not an isolated theoretical object, but a component of a software system whose results
must be sufficiently reliable for practical application. Therefore, it is important not only to construct a
mathematical model of acoustic wave propagation, but also to ensure its correct validation using field
measurement data. In practical hydroacoustic problems, validation of mathematical models is complicated by
several factors. First, numerical simulation results and experimental data often have different sampling rates. The
simulated signal is formed according to the parameters of the numerical scheme, spatial step, time step, and
stability conditions, whereas field measurements are recorded by hardware with its own fixed sampling rate. As a
result, direct comparison of time series is mathematically incorrect and may lead to erroneous conclusions
regarding model quality. Second, field hydroacoustic signals contain noise components, instrumental distortions,
phase shifts, local amplitude fluctuations, and other factors that complicate their comparison with numerical
simulation results. Therefore, accuracy assessment requires not a simple comparison of “raw” signals, but
preliminary data preparation, filtering, resampling, spectral extraction of the informative component, and the use
of statistical metrics on harmonized data series. Third, the practical use of numerical models within software and
hardware complexes is limited by available execution time, RAM capacity, and the need to perform series of
simulation runs. Improving model accuracy by reducing the grid step, increasing the number of points per



wavelength, or using more conservative absorbing layer parameters usually leads to a significant increase in
computational costs. Therefore, in practical conditions, it is important not only to find the configuration with the
minimum error, but also to determine such a region of model parameters that provides acceptable accuracy within
allowable time and memory costs. The analysis of these limitations leads to the conclusion that there is a relevant
scientific and applied problem of developing methods and software tools for validation of discrete mathematical
models of acoustic wave propagation that provide correct harmonization of simulated and field signals,
quantitative assessment of their agreement, and automated selection of parameter configurations suitable for use
in real software and hardware complexes under limited computational resources. The scientific task of the
dissertation is to develop methods and software tools for validation of discrete mathematical models of acoustic
wave propagation which, based on harmonization of numerical simulation results with field measurement data,
provide improved reliability of model accuracy assessment and formation of the admissible parameter region of
the numerical formulation according to the criteria of numerical correctness, computational feasibility, and
sufficient accuracy. The purpose of the dissertation is to improve the practical applicability of hydroacoustic
software and hardware complexes by developing methods and software tools for validation of discrete acoustic
wave propagation models that ensure correct comparison of simulated and field signals and automated selection
of resource-efficient parameters of the numerical model at a specified accuracy level.
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