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1. MeTonu i 3acobu 1o6y10BM KOMITIOTEPU30BaHUX BUMipIOBaJIbHUX CUCTEM 3 BiOpOUYaCTOTHMMU CEHCOPaMH i
[IPOrPaMHOI0 Bidyaslisali€elo JaHux

2. Methods and tools for building computerized measuring systems with vibration-frequency sensors and software

data visualization

Pedepar:

1. lucepraliist NpUCBsiY€Ha BUPIlIEHHIO aKTyaJIbHOI HayKOBO-TIPUKJIaNIHOI IIPO6IeMU PO3POOKHU i BIOCKOHAJIEHHS
KOMITIOTEpU30BaHUX CUCTEM BUMIPIOBaHHS TEXHOJIOTIYHUX ITapaMeTPiB 3 BAKOPUCTaHHSM BiOpOYaCTOTHUX
CEHCOPIB 3 Bidyasizalli€lo NaHuX, sKi JO3BOJISIOTh OJE€P>KyBaTH AOCTOBIpHY iHQOpMallilo B pe>XKUMi peasibHOTrO 4acy
11po (pakTUYHUH i IPOTHO30BAHUI CTAH TEXHOJIOTIYHOTO 06JIalHAaHHS Y BUPOOHUYMX YMOBax 3 HEBilOMUMHU
3aKOHaMU PO3IO/Iily IOXMOOK BUMIpPIOBaHb JaHUX. 3 ypaxyBaHHSIM (aKTOPiB, 110 BHOCSTh HANCYTTEBIIINI BIIJIMB Ha
ePeKTHBHICTb pOOOTU KOMITIOTEPU30BaHUX BUMIipIOBAJIbHUX CUCTEM TEXHOJIOTIYHUX ITapaMeTPiB pO3pOOIEHO
aBTOMAaTU30BaHy CUCTEMY IPOEKTYBAHHS HEMETAJIEBUX LUJIIHIPUYHUX IPOTOYHUX PE3OHATOPIB 3 IIUPOKOIO

cdeporo 3acToCcyBaHHS i 6araToPpyHKLiOHAIbHUI BiOPOYACTOTHUI CEHCOP 1711 BUMipPIOBaHHS I'YCTHHY, B'SI3KOCTI,



3ycuilIsl (TUCKY) 3 YHiBEpCaJIbHOIO XapaKTepUCTUKOI0. HabyB MofasnbIioro po3BUTKy aaroputm ¢inbrpauii Kanmana
BHMipIOBaJIbHOI iHopmalii, ska OTpuMaHa y BUPOOHMYMX YMOBAX 3 MiIBULIEHUMU 3aBaZaMu. JI71s BinMiHHOrO Bif
rayCCOBCKOI'O PO3IOJiny LIyMiB 6yJ10 pO3p00JI€HO aJrOPUTM I10IepeHbOI ifeHTudiKallii 3aKOHIB po3nofiny mymisB
3 BUKOPUCTaHHSIM €HTPOIINHOro KoediljieHTa 3aKOHY PO3MOAiNy i KOHTpEKCLecy, o JO3BOIMIO Y 3HAYHIN Mipi
KOMIIEHCYBATH BIIMB IIyMiB HA pe3yJIbTaT BUMipIOBAaHHS i 3a6€3Me€4UTU JOCTOBIPHOCTD iHpOpMallii , BSMEHIINTH
EHTpOIilHy oxubKy. Po3pobseHo metoq, kiacudikaniii 3auymaeHUx CUrHajaiB METOOM MAIlMHHOTO HaBYaHHS 32
HasIBHICTIO JIOKAJIbHUX MiHIMYyMIB B 3a7I€XKHOCTi CyMU KBa/ipaTiB BelBieT-KoedilieHTiB neTanizauii BiJ piBHs
BEUBJIET-PO3KJIaIaHHs. YIOCKOHAJIEHO METO/] aHaJIi3y He CTallioHAPHOCTI BibpoCUTHaiB Ta po3pobIeHO
aBTOMATM30BaHy CUCTEMY 3 BUKOPUCTAHHSAM BeiBieT i Qyp'e koeillieHTiB aBTOKOT€PEHTHOCTI 3 ypaxyBaHHSIM ix
YyTJIMBOCTI 4O METOJY OLiHKU BiJICTaHi, 1110 [I03BOJIsSIE YMCEJIBHO i Bi3yaslbHO BUSIBNIATU JedeKTy 06J1afHaHHS Ha
paHHii1 cragii ix nosiu. 1le a0 MOXKJIMBICTb CITPOEKTYBATU CTPYKTYPY KOMITIOTEPHU30BAaHMX BUMipIOBATbHUX
CHCTEM TEXHOJIOTIYHMX [TapaMeTPiB i MOHITOPUHTY 115 PeaJIbHUX YMOB €KCIUIyaTallil. Y J0CKOHaNIEeHO IIPUCTPIN AJ1s
ineHTu@ikanii akTUBHOIO CTaHy olepaTopa B CUCTEMU MOHITOPUHTY BiOpOYaCTOTHUX CEHCOPIB, 1110 3a6e311e4nJIo
3POCTaHHSI SIKOCTi KOHTPOJIIO. Pe3ysIbTaTy IPOBEAEHUX TEOPETUYHUX i €KCIIEPUMEHTAJIBHUX JOCTiIKEeHb
BIIPOBAJPKEHO Ha MPOBiTHUX MifprueMcTBax M.JHInpa Ta 3a KOpAOHOM. KitouoBi €10Ba: KOMITIOTEPU30BaHA
CHCTEeMa, BiOpOYaCTOTHUIT METO]], pe30HATOP, YaCTOTa KOJIMBAHHS, aMILITyla KOJIMBAHHS,JOCTOBIPHICTh KOHTPOJIIO,

dinprpanis KanmaHa, MamrHHe HaBYaHHS, BeBIET-aHali3.

2. The thesis is devoted to the solution of the actual scientific and applied problem of the development and
improvement of computerized systems for measuring technological parameters using vibration-frequency sensors
with data visualization, which allow obtaining reliable information in real time about the actual and predicted state
of technological equipment in production conditions with unknown distribution laws of data measurement errors.
Taking into account the factors that significantly influence the efficiency of the computerized measuring systems
of technological parameters, an automated design system for non-metallic cylindrical flow-through resonators
with a wide scope of application and a multifunctional vibration-frequency sensor for measuring density, viscosity,
force (pressure) with a universal characteristic have been developed. The Kalman filtering method for measuring
information obtained under industrial conditions with increased noise was further developed. For a noise
distribution other than Gaussian, an algorithm was developed for the preliminary identification of the laws of noise
distribution using the entropy coefficient of the distribution law and counter-recession, which made it possible to
largely compensate for the effect of noise on the measurement result and ensure the reliability of information, and
reduce the entropy error. A method for the classification of noisy signals by the machine learning method in the
presence of local minima depending on the sum of the squares of the wavelet coefficients of detailing the level of
the wavelet decomposition has been developed. The method for analyzing the unsteadiness of vibration signals has
been improved and an automated system has been developed using the wavelet and Fourier coefficients of
autocoherence, taking into account their sensitivity to the distance estimation method, which allows numerically
and visually identifying equipment defects at an early stage of their appearance. This made it possible to design the
structure of computerized measuring systems of technological parameters and monitoring for real operating
conditions. The device for identifying the active state of the operator in the monitoring systems of vibration-
frequency sensors has been improved, which has provided an increase in the quality of control. The results of the
theoretical and experimental studies have been implemented at the leading enterprises in the city of Dnipro and
abroad. Key words: computerized system, vibration-frequency method, resonator, vibration frequency, vibration
amplitude, control reliability, Kalman filtering, machine learning, wavelet analysis.
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