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Pedepar:

1. O6'exTOM OOCTiAKEHHS € rpoliec BUMipioBaHb BUTpatu TC B 3aKpUTUX KaHaIaX. MeToo nucepTauliiHoi poboTu €
NiABUILEHHS SIKOCTi 00J1iKy €HepreTUYHUX PECYPCiB i BOAU HIJIIXOM yIOCKOHAJIEHHS YIbTPAa3BYKOBOTO METOLY
BMMIipIOBaHHS BUTPAT TEKYYMX (IJIMHHUX) CEPENOBUII i CTBOPEHHS Ha IOTO OCHOBi BUTPATOMIPIB 3 BUCOKMMU
METPOJIOTIYHUMU XapaKTEPUCTUKAMU B YMOBAxX CIIOTBOPEHOI CTPYKTYPU IOTOKY. MeTOIU IOCIiIKEHHS
BM3HAYaIOThCSI CYKYIHICTIO BUPILlyBaHUX 3aBJaHb i BKIIOYAIOTh: METOJ Y HEYITKOI MaTEMATUKH, 1I0 BUKOPUCTaHi
IIPU YAOCKOHAJIEHH] yJIbTPa3ByKOBOI'O METOly BUMiPIOBAaHHS BUTPAT; METOY HAaTYPHOTO €KCIIEPUMEHTY, T€OPii
iMOBIpHOCTEN, BUMIPIOBaHHS, MaTEMATUYHOI CTATUCTHKHU, SKi BAKOPUCTaHI IPU YOOCKOHAJIEHHI HAyKOBO-TEXHIYHOI
0a3u cucTeMu BUMipIoBaHHS Ta 001Ky BuTpaTu TC, METPOJIOTiYHMX BUITPOOYBAHHSIX PO3PO0OJIEHUX BUTPATOMIpIB i
OLIiHIOBaHHi iX METPOJIOriYHUX XapakTepucTUK. HaykoBa HOBU3HA. Briepue po3pobsieHa Ta anpoboBaHa
METO/0JIOTisI KasibpyBaHHsI (TOBIpOK) y/IbTPa3ByKOBUX BUTPATOMipiB rasy, 3okpema I'VBP-011, ska nae 3mory

IIJITXOM KOMIJIEKCHOTO BUKOPUCTAHHS €KCIIEPUMEHTAJIBHUX i IMITaLliTHUX PE3yJIbTATiB JOCIiIPKEHHS MiIHATH



BEPXHIO I'PaHUIII0 BUMipIOBaHb ITPU 30€pesKeHHi iX BUCOKOI TOYHOCTI. Briepiie po3po6sieHO MeTog, OLiHIOBaHHS
TOYHOCTI yJIbTPa3ByKOBUX BUTPATOMIPiB B yMOBax CIIOTBOPEHOI CTPYKTYPH IIOTOKY Ta HAsSIBHOCTI Pi3HOTO pony
MiCLI€BUX OIIOPiB LJISIXOM BUKOPUCTaHHS yI0CcKoHaneHoro CFD - MoziesIIoBaHHS Ta €EKCIIEPUMEHTAIBHUX JAHUX
peasnbHOro Y3B. YI0CKOHA/NIEHO (PYHKLIIO IEPETBOPEHHS YaCOBO-iMITyJIbCHOTO YJIbTPa3ByKOBOIO BUMIPIOBAJIbHOTO
nepetsopioBava meuaxocti TC, skuil, Ha BiMiHy Bif, BilOMUX, BAKOPUCTOBYE 6araTropasoBe BiOUTTS CUTHAMY [JIs
MTOJOBXXEHHS IIJISIXY IIPOXOMPKEHHS CUTHAJY Yepe3 BUMipIOBaJIbHE CEPEIOBUILE Ta OSHOTUIIHI KAHAIU 3 METOIO
ycepeHEeHH: ixX pe3ysbTarTiB, o J03BOJIMIIO MiABUIMTY YyTAMBICTh Ta 3MEHUIIUTY OCHOBHY ITOXMOKY BUMipIOBaHHSI.
OTpumaB NOJAJbIINN PO3BUTOK METOH, OOPOOKU pe3yJIbTaTiB BUMiPIOBaHb JOIJIEPIBCHKOTO YJILTPA3BYKOBOTO
BUTPATOMipa, SIKUH, Ha BiIMiHY Bif BiOMUX, BUKOPHUCTOBY€E HEYITKY MaTEMaTHKY [JIs1 OLIiHIOBaHHS "LIEHTpa
TSDKiHHS" CIIEKTpa BilOUTOrO CUTHaJy, 10 3a6e3nedye BUKOPUCTaHHS JeKijIbKOX BapiaHTiB BTOPUHHOI 06po6KHU
Pe3yJbTaTiB BUMiPIOBAHHS 3 BUCOKOIO TOUHICTIO. CTYIiHb YIIPOBAI)KEHHS. - Pe3ybTaT pOOOTU BIPOBAIKEHO HA
HiAnpueMCTBaX €HEPreTUYHOI, XiMi4HOI Ta HaQTO-ra30BOi MPOMUCIJIOBOCTI SIK B YKpaiHi, Tax i 3a ii mexxamu. Cdepa
BUKOpHUCTaHHs. - OTPUMaHI B cepTallii pe3ysbTaTy MOXKyTb OyTH PEKOMEH/I0BaHi 0 BUKOPUCTaHHS IIpU
PO3po0Lli €TaTOHHUX 3aCO0iB BUMIPIOBAJIbHOI TEXHIKU B Tajly3i BUTPATOMETPIi, @ TaKOXX TaK 3BaHUX CMapT-IpUJIaiiB
- "po3yMHUX" MPUJIALiB, 3MATHUX O CAMOKaJi6pyBaHHs, 1iarHOCTYBaHHsI Ta 3aM106iraHHsI BIJIMBY Ha MpoLieC

BHMipIOBaHHSI Oyb—SIKUX HeOaKaHUX PaKTOPIB.

2. The object of research is the process of measuring the cost TC in closed channels. The aim of the thesis is to
improve the quality of accounting energy and water resources by improving the method of ultrasonic flow
measurement fluid (fluid) media and create on its basis flow meters with high metrological characteristics in terms
of distorted flow structure. Methods defined set of tasks and include methods of fuzzy mathematics used in the
improvement of ultrasonic flow measurement method; methods of model experiment, probability theory,
measurement, mathematical statistics, which are used in the improvement of scientific and technical base
measurement systems and accounting costs TC metrological tests developed flow and assessing their metrological
characteristics. Scientific innovation. First developed and tested methodology calibration (calibration) ultrasonic
gas flow meters, including HUVR-011, which enables by the integrated use of experimental and simulation results
of the study raise the upper limit of measurement while maintaining their high accuracy. For the first time the
method of estimation accuracy ultrasonic flow meters in terms of distorted flow structure and the presence of
different kinds of local resistance by using advanced CFD - simulation and real experimental data CCS. Improved
conversion time-pulsed ultrasonic speed measuring converter TC, which, unlike the known uses multiple signal
reflections to extend the signal path through the measuring environment and the same type of channels to
averaging their results, thus improving the sensitivity and reduce the main error of measurement. Got the further
development of the method of processing the results of measurements of the Doppler ultrasonic flow meter,
which, unlike the known uses fuzzy mathematics to evaluate "center of gravity" of the spectrum of the reflected
signal, which provides several options for the use of secondary processing of measurement results with high
accuracy. The degree of implementation. - The results introduced for energy, chemical and oil and gas industry
both in Ukraine and abroad. Scope. - Obtained in the thesis results can be recommended for use in the
development of standard measuring instruments in the field of Flow, as well as so-called smart devices - "smart"
devices, capable of self-calibration, diagnostics and prevention of the measurement process in any adverse factors.
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