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Pedepar:

1. Y nuceprauii BupimeHo LijlicHy HayKOBO-TIPUKJIAAHY IPO6ieMy po3pO0JIeHHS Ta iHTerpanii MeTomis, Mozesien Ta
arapaTHO-TIIPOrpaMHUX 3aC006iB aKyCTOMETPIi 1J1s1 3a6e31eYeHHs] BUCOKOi TOYHOCT] BUMipIOBaHHSI Ta aHAJI3y
AaKyCTMYHUX XapaKTEPUCTHK MPUMIIIEHb 3 ypaxyBaHHSIM cydacHuX Bumor KoHuenuint UC (Ubiquitous Computing -
noscrogHuit Kom'oTuHT) Ta I1oT (Industrial Internet of Things - npomucioBuil iHTEpHET pevelt). Po3pobieHo
iHBEPCHUI METOJ, BU3HAYEHHS OIOPY IIOTOKOBI MOBITPSI MOPUCTUX MaTepiasiB, BUKOPUCTOBYIOUM MO €b MiKi, IKUI
IaB 3MOT'y [IPeJICTaBUTU KoedillieHTH 3BYKOIOIJIMHAHHS B JIialla30Hi YyTHUX 4YaCTOT OJHUM UKCJIOM OIIOPOM IIOTOKY
MOBITP4, 10 JaJI0 3MOTY IIOPIiBHIOBATH Pe3yJIbTaTU BU3HAYEHHS KOEQillieHTiB 3BYKOIIOIJIMHAHHS OTPUMAHUMU i3
iMnegacHoi Tpy6u Ta 1a60paTOPHOI YCTAaHOBKY IIPOLyBaHHSIM IIOTOKOM IOBITPSI TOPUCTUX MaTepiasiB. Po3pobiaeHo
iHopmaliiiHy MOJiesIb CUCTEMU aBTOMATU30BAaHOTO JI000PY 3BYKOi30JIALIIIHUX MaTepialiB, sKa iHTerpye 6asy
IAHMX aKyCTMYHUX MaTepiajliB i3 aBTOMAaTUYHOIO Kilacu@ikallielo, 3a0e3nedyloun afanTuBHUI BUOIp MaTepiasiB
BiAATIOBiTHO 10 BUMOT KOHCTPYKIil, 6y1iBeJIbHUX HOPM i TUITy IPUMIIIeHHS], 110 HiJIBUIIy€E YHiBEpCaJbHICTh Ta

MacmTaboBaHICTh CUCTEMHU Ta AaBTOMATU3Y€ €KCIIOPT AaHUX [JIs [104abloi 06pobKku. Po3pobsieHo Mozesb



KOHBepTepa [J151 aBTOMaTU30BaHOTO €KCIIOPTY FT€OMETPUYHUX MOZEJIeN IpuMileHs i3 cuctemu SketchUp y
cucremy Catt-Acoustic 3 aBTOMaTUYHUM NpU3HAYEHHSIM KoedillieHTiB 3BYKOIOTJIMHAHHS MaTepialiB, 110 30ibIIye
e(eKTUBHICTb MOJEJIIOBAHHS Ta Y3TOJ)KEHICTh JaHUX MK cucTemamu. Po3po6seHo MeTo/1, BEKTOPHOIO iMITyJIbCHO-
4aCTOTHOTO 30HIyBaHHSI IPUMIIEHB, B IKOMY iH(OPMATHBHI CUTHAJIM aKyCTOMETPil OTPUMYIOTh LIJISIXOM
(opmyBaHHS HA60PiB BEKTOPHO-HAIPaBIE€HUX OJHOYACTOTHUX iMITyJIbCiB 3ByKOBUX KOJIMBAaHb Ta iX 1€TEKTyBAHHS
KOpeJIALifIHUMU Ta aBTOKOPEJISLiHHUMU METOIaMU YaCTOTHOI CeJleKLiii, 1110 3abe3leyye OCHOBY IIpeIMeTHO-
opientoBaHoro npoekrtysaHHs (Domain-Driven Design) KoMI'IOTEpHUX CUCTEM aKyCTOMETPIi y BilTOBIAHOCTI 10O
koH1enuii nosctogHoro komn 'totuHry UC (Ubiquitous Computing). Po3po6seH0 MeTo[, OnTHMi3allii npolecy
CHT'HAJIBHOTO NIePEeTBOPEHHS, SIKUH 3a0e3Ievyye ONTUMI3aLlielo IMNPUHY IMITYJIbCY aKTUBYIOYMX 3ByKOBUX KOJINBAHb
3a KpUTEPIiSIMU NTapaMeTPiB MIOMKUPEHHS CUTHAJY B IOCJIIIKYBAHOMY CEPELOBUIL, 10 A€ 3MOTy peasli3yBaTu
AaBTOMAaTM30BaHi CUCTEMU IIPOEKTYBAHHS 3aCO0iB aKyCTOMETPii Ha OCHOBI 3aBaOCTIMKOrO BEKTOPHOTO iMITyJIbCHO-
4aCTOTHOTO 30H/yBaHHS MIpUMillleHb. PO3p0o61eHo MeToH, CUHTe3y iMiTallilHUX CUTHATIB, sKuil 6a3yeTbcst Ha SPICE
MaKpOMOZEJIX MEePEXiAHNX MPOLECIB, IO Ja€ 3MOTy Peali3yBaTu CUCTEMHU aBTOMAaTU30BaHOTO [IPOEKTYBAaHHS
arnapaTHO-IPOrpaMHUX 3aC00iB aKyCTOMETPIi 3 PO3MKUPEHUMU MOKJIMBOCTSIMU, 30KpeMa [1J1s1 MalIMHHOTO HaBYaHHS
3 BUKOPUCTaHHSIM HEPOHHUX MEPEX B 33J1a4ax JOCJIIP)KEHHS aKyCTUYHUX [TapaMeTPiB B IPUMIIIEHHSX 3 3HAYHUM
(OHOBMM LIYMOM Ta METOJ, KOMILJIEKCHOI Bepudikalii rmpotiecis Ta 3ac06iB JOCTiIKEHHS aKyCTUYHUX ITapaMeTpiB
IIPUMIlLleHb, SIKAI TOEHYE eTaly aHajizy iHpOpMaTUBHOCTI CUTHAJIIB, BILJIUBY aKyCTUYHOI'O IIYMY, HEJIHIHUX
CIIOTBOPEHD, KOPEKTHOCTI NPOLECY BUMIPIOBaHHS Ta SKOCTIi KayliOpyBaHHs, 10 Ja€ 3MOTY 3a0€311e4YnTU
KOMILJIEKCHICTb Ta JOCTOBIPHICTh (PYHKLIOHYBAHHS KOMITIOTEPHUX CUCTEM aKyCTOMETPIi Ta iXx aBTOMaTHU30BaHOTO
IIpoeKkTyBaHHs. HabyB NoaibIioro po3BUTKY METOJ, €JIeKTPO-TEIJIOBOI aHaJIOoTil Ta CUHTEe3Y eJIeKTPO-aKyCTUYHUX
MoJeJIel BUMIPIOBaJIbHUX IIEPETBOPIOBAYIB aKyCTOMETPII, IKMI Ha BiIMiHY Bif, BIIOMUX, IIO€IHYE B €VHI
Makpomogei MEMS cTpyKTypu BUMipIOBaJIbHOTO NepeTBOPeHHs TUCKY (P-Probe) Ta mBuaxocTi notoky (U-Probe)
IOBITPS, 1O A€ 3MOT'y peasli3yBaTH CUCTEMU aBTOMAaTHU30BaHOTO [TPOEKTYBAHHS KOMILJIEKCHUX 3aC00iB
akycToMeTpii 3 PyHKIliel0 NapaMeTpUYHOro aHasizy npoueciB GopMyBaHHs iHPOPMATUBHUX CUTHAJIIB
€JIEKTPUYHOTO Ta aKyCTUYHOTO iMIIEAAHCIB Ta METOJ, CTPYKTYPHO-(PYHKLIIOHAJIbHOTO CUHTE3Y BOYLOBAaHOI CUCTEMU
aKyCTOMETPIl Ha OCHOBI CEJIEKTUBHOTO MiICUJIEHHS 3aPsy, SKAHM Ha BiIMiHY Bill BiTOMUX, IIOE€HYE KOPEJISILiHE
(MynbTUILIIKATMBHE) IEPETBOPEHHS Ta KBaApaTypHe (3HAKOBE) JeTeKTyBaHHS 3 peajiisallielo B KOHLemji
IIPOrpaMOBaHMX CUCTEM Ha KPUCTAJI, 110 A€ 3MOTY 3a6€3I1€4UTH 3aBaJOCTiMKiCTh BUMipIOBaHHS 3MiHU
€JIEKTPUYHOTO 3apsly IT'€30€JIeKTPUYHUX [1ePeTBOPIOBaYiB (POPMyBaHHS iHPOPMATUBHUX CUTHAJIIB IIapaMeTpiB
HU3bKOYACTOTHUX Bibpaliil. YIOCKOHATIEHO MEeTO, J060py KoedillieHTiB 3ByKOIIOTTIMHAHHS aKyCTUYHUX MaTepiaiB
1751 cuctemu Catt-Acoustic, sikuii nosisirae y 3BOpOTHOMY BU3HAU€HHI KoeillieHTiB 3ByKOIIOTJIMHAHHS
BUKOpUCTOBYI04M popmyy CabiHa i Jae 3MOTy 3a OJJHY iTe€palilo JOCATHYTA TOYHICTh BUBHAYEHHS YaCy
pesep6epatii 1o 0.5 c. YIockoHaIeHO MEeTOo 1, BU3HAYEHHS OIIOPY IIOTOKOBI IOBITPS, SIKU OIMCYE 3aJIEKHICTh MK
IIBUJIKICTIO TIOBITPSIHOT'O IIOTOKY Ta IepernanoM TUCKY (q(Ap)), LIIXoM BUGOPY fiania3oHy AaHUX AJIs JiHIHHO]
arpokcuMalii BUKOpHUCTOBYI0YM (PYHKIIiO 3aJ1€5KHOCTI ONOPY MOBITPSIHOMY IOTOKY [I0 LIBUAKOCTI MOBITPSIHOTO
IIOTOKY, 1O [aJI0 3MOTY IiIBUIIUTYA TOYHICTb Ta [IOBTOPIOBAHICTh BUMIPIOBaHb ITOPIBHSIHO 3 PaHille

BHUKOPHCTOBYBAaHUM IIiIXOZOM.

2. The dissertation tackles the complex scientific and practical problem of developing and integrating methods,
models, and hardware-software tools for acoustometry. This is to ensure high accuracy in measuring and
analyzing the acoustic characteristics of rooms in line with modern standards set by Ubiquitous Computing (UC)
and the Industrial Internet of Things (IIoT). An innovative method for determining the air flow resistance of porous
materials was developed using the Miki model. This method simplifies the representation of sound absorption
coefficients across the audible frequency spectrum to a single value—air flow resistance. This allows for the
comparison of measurements from different setups such as an impedance tube and a laboratory setup using
airflow through porous materials. Further, an information model for an automated system was developed for
selecting sound insulation materials. This model integrates a comprehensive database of acoustic materials and
supports automatic classification, facilitating adaptive material selection based on construction requirements,
building codes, and room type. This approach enhances the system’s flexibility, scalability, and automates the data



export process for further analysis. A converter model was also introduced to streamline the export of room
geometric models from the SketchUp system to the Catt-Acoustic system, with an automatic assignment of
material sound absorption coefficients. This boosts the efficiency of modeling and ensures consistency of data
across systems. Additionally, a method of vector impulse-frequency room probing was developed, generating
vector-directed, single-frequency sound vibration impulses. The detection uses correlation and auto-correlation
methods for frequency selection, laying the groundwork for domain-driven design of computer-based
acoustometry systems aligning with the UC concept. A method to optimize the signal conversion process was
devised to refine the width of activating sound vibration impulses based on signal propagation parameters in the
probed medium. This advances the development of automated acoustometry instrument design systems based on
robust vector impulse-frequency room probing. Moreover, a technique for synthesizing simulated signals using
SPICE macromodels of transient processes was created. This implementation supports the automated design of
advanced hardware-software acoustometry tools, utilizing machine learning and neural networks to assess
acoustic parameters in noisy environments. A comprehensive method for verification integrates signal
informativeness analysis, acoustic noise impact, non-linear distortions, measurement accuracy, and calibration
quality, ensuring the thoroughness and reliability of computer-based acoustometry systems and their automated
design. The electro-thermal analogy method was advanced for synthesizing electro-acoustic models of
acoustometry measurement transducers. This novel approach integrates in a single MEMS macromodel structures
for measuring pressure and air flow velocity, facilitating the development of complex, automated acoustometry
instruments that can perform parametric signal analysis. Furthermore, a structural-functional synthesis method
for an embedded acoustometry system was established using selective charge amplification. It combines
correlation conversion and quadrature detection within a programmable system on a chip, offering robust
interference resistance during low-frequency vibration parameter measurement. Improvements were also made to
the method for selecting sound absorption coefficients in the Catt-Acoustic system using the inverse
determination of coefficients with the Sabine formula. This yields a reverberation time measurement accuracy up
to 0.5 seconds in a single iteration. The method for measuring air flow resistance was refined to enhance
measurement accuracy and repeatability by correlating air flow velocity with pressure differential, selected
through linear approximation.
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