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1. Y puceprauii BupileHo LijlicHy HayKOBO-TIIPUKJIAAHY IP0o6jieMy po3pOo0JIeHHSs Ta iHTerpallii MeTomiB, Mmozeiel Ta
arnapaTHO-IIPOrpPaMHUX 3aC00iB aKyCTOMETPIi 1J1 3abe3Me4eHHs BUCOKOi TOYHOCT] BUMipIOBAaHHS TA aHAJI3y
aKyCTUYHMX XapaKTEPUCTUK NPUMIILIEHb 3 ypaxyBaHHIM cydacHuX Bumor KoHuenit UC (Ubiquitous Computing -
nosciogHui Kom'1oTuHr) Ta lIoT (Industrial Internet of Things - npoMucosuii inTepHeT peyeii). Po3pobsieHo
iHBepCHUI1 METOM, BUSHAYEHHS OIIOPY ITOTOKOBI IIOBITPS IOPUCTUX MaTepialiB, BAKOPUCTOBYIOYM MOAesb MiKi, aKui
IlaB 3MOTY IIPEJCTaBUTU KOeDillieHTU 3ByKOIOTJIMHAHHS B [[ialla30Hi YyTHUX YaCTOT OJJHUM YMCJIOM OTIOPOM IIOTOKY
IIOBITPSI, 10 [1aJI0 3MOTY TIOPIiBHIOBATH Pe3yJbTaTU BU3HAUEHHS KoeillieHTiB 3ByKOIIOTJIMHAHHS OTPUMAaHUMU i3
iMnefacHoi Tpy6u Ta 1a60paTOPHOI YCTAaHOBKY IIPOJIyBaHHSIM ITIOTOKOM IOBITPSI IOPUCTUX MaTepiasiB. Po3pobiaeHo

iH(popMaLiiiHy MOJI€JIb CUCTEMU aBTOMATU30BAHOTO OOOPY 3BYKOi30JIALIMHUX MaTePialiB, gKa iHTerpye 6asy



IAaHUX aKyCTUYHUX MaTepiasiB i3 aBTOMaTUYHOIO Kiacu@ikalieto, 3a6e3nedyoun afanTuBHUI BU6ip maTepiaiB
BiATIOBIHO [10 BUMOT KOHCTPYKIil, 6yiBeJIbHUX HOPM i TUITy IPUMIILIeHHS], 1110 MHifiBUIIy€E YHiBEpCaJbHICTh Ta
MaclTaboBaHICTh CUCTEMU Ta aBTOMATU3y€ €KCIIOPT AaHUX AJIs [101anbloi 06pobKu. Po3pobsieHo Mozeb
KOHBepTepa 7151 aBTOMaTU30BaHOT0 EKCIIOPTY FTeOMETPUYHUX MOZeslel IpuMileHs i3 cuctemu SketchUp y
cucremy Catt-Acoustic 3 aBTOMaTMYHMM IPU3HAUYE€HHSIM Koe]illieHTiB 3ByKOIIOTJIMHAHHS MaTepiais, o 30ibl1ye
eeKTUBHICTb MOJEJIIOBAHHS Ta Y3TOJKEHICTh JaHUX MK cucTemamu. Po3po6sieHo MeTo/1 BEKTOPHOIO iMITyJIbCHO-
YaCTOTHOIO 30HJyBaHHSI IPUMIlEHb, B IKOMY iH(OPMAaTUBHI CUTHAJIM aKyCTOMETPil OTPUMYIOTh LIJISIXOM
(¢opmyBaHHS HA60PiB BEKTOPHO-HAIPABJIEHUX OJHOYACTOTHUX iMITyJIbCiB 3BYKOBUX KOJIMBAaHb Ta iX 1€TEKTyBAHHS
KOpeJIALifIHUMU Ta aBTOKOPEJILIHHUMU METOIaMU YaCTOTHOI CeJleKLii, 1110 3abe3leyye OCHOBY IIpeIMeTHO-
opientoBaHoro npoekrysaHHs (Domain-Driven Design) KoMI'IoTepHUX CUCTEM aKyCTOMETPIi y BilIOBiAHOCTI 10O
KoHUenuii noscrogHoro koM 'totury UC (Ubiquitous Computing). Po3po6seHo meTon onTumisatiii npouecy
CUTHAJIbHOTO TIEPETBOPEHHS, KU 3a6e31euye ONTHUMI3allielo MUPUHU iMITyJIbCY aKTUBYIOUMX 3BYKOBUX KOJIMBAaHb
3a KpUTEPisIMU NTapaMeTpiB MOMKUPEHHS CUTHAJY B OCJiIKYBAaHOMY CEPEeIOBUIL, IO A€ 3MOTy peasli3yBaTu
aBTOMAaTHM30BaHi CUCTEMU IIPOEKTYBAHHS 3aCO0iB aKyCTOMETPii Ha OCHOBI 3aBaOCTIMKOIO BEKTOPHOTO iMITyJIbCHO-
4aCTOTHOTO 30HIyBaHHS NIpUMileHb. PO3po6J1€eHO MeTOM, CUHTE3Y iMiTallilHMX CUTHAJIIB, KUl 6a3yeTbcs Ha SPICE
MaKPOMOJIEJISIX NePEXiAHNX NPOLECIB, O Ja€ 3MOTy peali3yBaTy CUCTEMU aBTOMAaTU30BAHOTO IIPOEKTYBAHHS
arapaTHO-TIPOrpaMHUX 3aC06iB aKyCTOMETPIi 3 pO3MMUPEHNMU MOKIIMBOCTSIMU, 30KPEMa J1711 MAIIMHHOTO HaBYaHHS
3 BUKOPUCTaHHSIM HEPOHHUX MEPEX B 33J1a4ax JOCJiIPKEHHS aKyCTUYHUX [IapaMeTpiB B IPUMIIEHHSIX 3 3HAUHUM
(POHOBUM LIYMOM Ta METOJ], KOMIIEKCHOI Bepuddikaliii mporeciB Ta 3ac06iB JOCTIIPKEHHS aKyCTUYHUX I1apaMeTpiB
IIPUMIlLleHb, SIKUAI1 TOEJHYE eTany aHajizy iHpOopMaTUBHOCTI CUTHAIIB, BIJIUBY aKyCTUYHOI'O IIYMY, HEJIHIHUX
CIIOTBOPEHD, KOPEKTHOCTI NPOLIECY BUMIPIOBaHHS Ta IKOCTI KayliOpyBaHHs, 110 1a€ 3MOTY 3a0€e311eUnTU
KOMILJIEKCHICTb Ta JOCTOBIPHICTh (PYHKLIOHYBAHHS KOMITIOTEPHUX CUCTEM aKyCTOMETPpIi Ta iXx aBTOMaTHU30BaHOTO
IpoeKTyBaHH4. HabyB Noganbuoro po3BUTKY METO], €JIEKTPO-TEIJIOBOI aHaJIOrii Ta CUHTE3Y eJIeKTPO-aKyCTUYHUX
MoOJIeJIEV 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)
IIOBITPS, 1O JA€ 3MOTY peaslisyBaTi CUCTEMU aBTOMATU30BAHOTO IPOEKTYBAHHSI KOMIIJIEKCHUX 3aC00iB
akycToMeTpii 3 PyHKIliel0 NapaMeTpUyHOro aHasizy npouecis GopmMyBaHHs iHPOPMATUBHUX CUTHAJIIB
€JIEKTPUYHOTO Ta aKyCTUYHOTO iMIIEaHCIiB Ta METOJ, CTPYKTYPHO-(PYHKIIIOHAJIbHOTO CUHTE3Y BOYL0BaHOI CUCTEMU
aKyCTOMETPIii Ha OCHOBI CEJIEKTUBHOTO MiACUJIEHHS 3apALy, KU Ha BiAMIHY Bif] BilOMUX, IO€QHY€E KOPEIALINHE
(MynbTUIIIIKATHBHE) IEPETBOPEHHS Ta KBaApaTypHe (3HAKOBE) IeTeKTyBaHHS 3 pealisallielo B KOHLemji
[IPOrpaMOBaHUX CUCTEM Ha KPUCTAJI, 110 A€ 3MOTY 3a6€3I1e4UTH 3aBaJOCTilKiCTh BUMipIOBaHHS 3MiHU
€JIEKTPUYHOTO 3apsify I'€30€JIEKTPUYHUX [I€PEeTBOPIOBAYiB (POPMyBaHHs iHPOPMATUBHUX CUTHAJIIB TIAPAaMETPiB
HU3bKOYACTOTHUX Bibpaliiil. YI0CKOHaNeHO MeTo, 1060py KoedillieHTiB 3ByKONOIJIMHAHHS aKyCTUYHUX MaTepiaiB
175t cuctemu Catt-Acoustic, sikuii osisirae y 3BOpOTHOMY BU3HAU€HHi KoeillieHTiB 3ByKOIIOTJIMHAHHS
BUKOpUCTOBYI0UM popmysy CabiHa i Jae 3MOTy 3a OJHY iTepallilo JOCATHYTA TOYHICTh BUBHAYEHHS YacCy
pesep6epatii 1o 0.5 ¢. YoockoHaseHO MeTOo 1 BU3HAYEHHS OIIOPY IIOTOKOBI IOBITPS, SIKUI OIMCYE 3aJIEKHICTh MK
IIBUJIKICTIO TIOBITPSIHOTO IIOTOKY Ta IIepernanom TUCKY (q(Ap)), LIsxoM BUGOPY Iiana3oHy AaHUX AJIs JIiHIAHO]
arpokcumaliii BUKOpHUCTOBYI0YM (YHKIIiO 3aJ1€5KHOCTI OIIOPY MOBITPSIHOMY IOTOKY [I0 LIBUAKOCTI MOBITPSIHOTO
[IOTOKY, L0 JaJIO 3MOTY MiBULIMTY TOYHICTh Ta IOBTOPIOBAHICTh BUMIPIOBaHb IIOPIBHSAHO 3 paHille

BMKOPHCTOBYBAaHUM MiIXOZOM.

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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