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Pedepar:

1. Po3riisiHyTi NUTaHHS YIOCKOHAJIEHHS JIa3€PHOTO [IOMNIIIEPiBCbKOro BuMipioBaya msugkocTi (JIIBII) aepo ta
rifpoJMHaMiyHMX IIOTOKIB. B nucepralii npoBeeHi HayKoOBi AOCJII)KEHHS, SIKi HalpaBJjleHi Ha 3MEeHIIEeHHs! [I0XUOKU
BMMIipIOBaHHS. Po3pobsieHa MaTeMaThYHa MOE/Ib (POPMYBAHHS CUTHAJY Y OIITUKO-€JIEKTPOHHOMY TPaKTi
J1a3epHOTO [IONIIEPiBCHKOr0 BUMIpIOBaya MBUIKOCTI ArdepeHIiaNbHOro TUlly. Mozesns curHajy BpaxoBYy€E BILIUB
Y3roJI)KEHH$ PO3CiSIHOrO BUIIPOMIHIOBaHHS 3a IHTEHCHBHICTIO Ta CTAaHOM MoJspu3sanii. OKpiM IUX napaMeTpiB
PO3CiSIHOrO BUIIPOMIHIOBAHHS Ha IMIMOMHY MOAYJISILIi Ta BiHOIEHHS CUTHAJ /IIYM BIIJIMBA€E CTYIiHb Y3IOJKEHHS
«eJIEeMEHTapHUX» JONIJIEPiBCbKUX CUTHAMIB 32 (pa3oto. [MmbuHa MoaysLii JONNIepiBCbKOTO CUTHATTY
BM3HAYAETHCS JOOYTKOM KoedillieHTiB aMILTiTyJHOTO, OJIsIpU3aLifHOro Ta azoBoro yaromkeHHs. 1i koedirieHnTn
MO>YTb 3MiHIOBAaTUCh B Me>Kax Bill 0 10 1. 3SMEHIINTU CTYIiHb HEY3TrOJKEHOCTI CUTHAJIY 32 iHTEHCHBHICTIO,
noJisipu3aallielo Ta ¢pa3olo MOXKHA 32 PaXyHOK BUKOPUCTaHHS QisIbTPY, SIKUH NIOTPiIGHO BCTAHOBJIIOBATU 3aMiCTb
aneprtypHoi giadpparmu. Lle 103BONNTD NiABUIMTH IIUOVHY MOIYJIALIL, BiIHOLIEHHS CUTHAJ /IIyM Ta 3MEHIINTH

1oxuOKy BUMIpIOBaHHS IBUIKOCTI. PO3po6sieHa KOHCTPYKLisl Ta BUTOTOBJIEHA ONITUYHA YaCTHHA



€KCIIEPUMEHTAJIBHOTO JIA3€PHOr0O IOMNIIIEPIBCBKOTO BUMipIOBaYa BUAKOCTI HA OCHOBI IOTY>XKHOTO 04y 3 HU3BKOIO
CTYIIEHIO KOTEPEHTHOCTI BUIIPOMIHIOBaHH4. [IpOBEeE€HO eKCIIepUMEHTAJIbHE NOCiIKEHHS BIIJIMBY iIHTEHCUBHOCTI
PO3CiSIHOrO BUIIPOMIHIOBAaHHS Ha IJIMOUHY MOJYJISLi HOMNIIepiBCbKOIO CUrHaly. EXClieprMeHTasIbHO
HiATBEPAKEHUI METO, 301/IbLIEHHS TJIMOVHYU MOJYJISAL|i NOMIJIEPiBCbKOrO CUTHAJY 32 PAXyHOK y3rOIPKEHHS
iHTEHCUBHOCTI PO3CiSIHOr0 BUIIPOMiHIOBaHHS. B gucepTauiiiHiil po60Ti OTpMMaHi HaCTyIIHI HAYKOBi pe3yJIbTaTU: -
PO3pOOJIEHUI METO]], 3MEHIIIEHHSI [IOXUOKHY JIa3epHOT0O JOMNIJIEPiBCbKOro BUMipioBaya WBUAKOCT] MIJIIXOM
IIPOCTOPOBO] (PinbTpalii po3CiIHOro BUIIPOMIHIOBAHHS, SIKE Ma€ HU3bKY CTYIIiHb Y3TOJI)K€HHS 32 iIHTEHCUBHICTIO; -
PO3pO6IIeHNI METOL 3MEHIIEHHS! TIOXUOKY JIa3ePHOT0 AONIJIEPiBCHKOr0 BUMipIOBaya MIBUAKOCT] MIJIIXOM
IIPOCTOPOBOi PinbTpalii po3cisIHOro BUIIPOMIHIOBAHHS, SIKE Ma€ HU3bKUI1 CTYIIiHb Y3TOMKEHHS 32 I0JIIpU3alli€lo; -
PO3p06JIEHUI METO], 3MEHIIIEHHSI IOXUOKHU JIa3€pHOTO AOMNIJIEPiBCHKOr0 BUMipioBaya MBUAKOCT] MIJIIXOM
IIPOCTOPOBOI (PiNbTpalii pO3CiIHOrO BUIIPOMIHIOBAHHS, IPUIIOM SIKOTO NIPUBOJUTE 10 (GOPMYBAaHHS HAa BUXO[]
doronpuiiMaya CUTHaJIIB, 10 3HAXOIAThCS y TpoTudasi; - po3pobsieHa CTPYKTypa J1a3epHOro AOIIIEPiBCLKOrO
BMMipIOBaya UIBUJKOCTI, B IKOMY BiflOyBa€TbHCsI KOMIIEHCAlisl HU3bKOYACTOTHOI CKJIaZ0BOI IOIIIIEPiBCLKOIO
curHaiy. IlpakTryHe 3HaY€HHSs pe3yJIbTaTiB JUucepTalifHOI pOOOTH I0JIrae B HACTYIIHOMY. - PO3PO0JIEHUI METO[
3a IOTIOMOTOI0 SIKOTO MOKHA BU3HAUUTU GopMy PinbTpa. BukopuctanHs Takoro (pinbTpy B 1a3€epHOMY
IOMNIIEPiBCbKOMY BUMIPIOBayi IIBUIKOCTI, B IKOMY PO3CisiHE BUIIPOMIHIOBAaHHS IPUMMAETLCS BIIEPE, MiIBUILY€E
110T0 y3roJpKEeHHs 32 iHTEHCUBHICTIO, IJIMOUHY MOIYJIsLI, BiAHOLIEHHS CUTHaJ /IIyM Ta 3MEHIIy€e TOXUOKY
BMMIipIOBaHHS; - PO3PO06JIEHUI METO 32 JOIIOMOTOIO SIKOTO MO>KHA BU3HAYUTU Popmy GinbTpa. BukopucranHs
TaKoro (isibTPy B JIa3ePHOMY JIOMNIIEPiBCBKOMY BUMipIOBayi IBUAKOCTI, B SKOMY PO3CisiHE BUTIDOMiHIOBAHHS
IIpUMMaeTbCs Hazay, MifiBUIIYe HOro y3roJKeHHS 3a NoJIsIpU3allieto, [IMMOMHY MOAYJISL], BiIHOIIEHHS CUTHAJ /IIyM
Ta 3MEHINye TOXMOKY BUMIPIOBaHHS; - PO3POOJIEHUI METOZ, 32 IOIIOMOTOI0 KO0 MOXHA BUBHAYUTH GOPMY
(dinbTpa. BuKOpUCTaHHS TakOro QiNbTPY NO3BOJISIE MiABULINTHU CTYIIiHb Y3TOIKEHHS «€JIEMEHTAPHUX»
IONIIEPiBChKUX CUTHAJIB 32 (azoro. [Tn6uHy MOAYJIL|i, BiTHOMEHHS CUTHAJ /IIYM Ta 3MEHLIUTH ITOXUOKY
BMMIipIOBaHHS LIBUJKOCTI IIOTOKY; -~ PO3PO0JI€HI CTPYKTYPH JIa3€pHUX NONIIEPiBCbKUX BUMipIOBayiB [IPU3HAYEHUX
1711 BUMIpIOBaHHS JBOX Ta TPbOX KOMIIOHEHT BEKTOPA IIBUAKOCTI BiIMOBIIHO 00 crietudiku IPOBeeHHS
BUMIpIOBaHb; - po3po6ieHa CTPYKTypa JIa3epHOTO BUMIPIOBaya, SIKAI IIPU3HAYEHUIA [J11 3aCTOCYBAHHS B TAKUX
TEXHOJIOTIYHUX NPOoLecax Jie O4HOYACHO IOTPiOHO BUMIPIOBATH WIBUAKICTD Ta AOBXUHY, HAIIPUKJIAZ, [1pU
BUTOTOBJIEHI €JIEKTPUYHOrO KabesIto, Iifl 4ac IpoKaTy MeTajly Ta B iHIIMX TEXHOJIOTIYHUX IIPOLecax; - po3pobiieHa
CTPYKTYpa JIa3€pHOTO JiYNIbHUKA aepO30JIiB, IKUI MPpU3HaYE€HUH 17151 BUSHAYEHHS PO3MOJily aep030JIiB 32
PO3MipOM TIiJi 9aC KOHTPOJIIO SIKOCTi MIOBITPsl Y BUPOOHMNYMX IPUMILIEHHSX €JIeKTPOHHOI Ta papMaleBTUYHO]
IIPOMUCJIOBOCTI; -~ pO3p0o06JieHa CTPYKTYypa JIa3€pHOTro AOMIIEePiBCbKOI0 BUMIpIOBaya IBOX KOMIIOHEHT BEKTOPa
IIBAJIKOCTI BiOpallii IpU3HaY€eHOro A1 3aCTOCYBaHH4 Mif] YaC CTEHI0BUX JOCIIiI)KEHb aBiaJIBUT'YHIiB, EHEPre€TUYHOIO
o6J1aIHAaHHS Ta iHIIOI TeXHIKY; - PO3p06JIeHa CTPYKTYpa JIa3€PHOTr0 BUMipIOBaya IBOX KOMIIOHEHT BEKTOPA iCTUHHO]
NOBITPSIHOI IIBUIKOCTI 6€3MiJIOTHOTO JIiTalbHOrO anapaty. Kio4oBi cj10Ba: BUMipIOBaHHS, IIBUIKICTh, a€pO Ta
rifpoJrHaMiuyHW, NOTIK, JIa3ep, AOMIIEPiBCbKUM, TOXNOKA, IIMOMHA MOIYJIsLii, CUTHAJ /1IyM, IHTEHCHUBHICTb,

nossipu3alisi, haza, po3CisiHHSL.

2. In the dissertation, scientific research was conducted that aimed at reducing the measurement error. A
mathematical model of LDV signal in the optoelectronic path has been developed. The model is based on the
theory of Mie scattering. The signal model takes into account the effect of matching the scattered radiation on the
intensity and state of polarization. In addition to these parameters of scattered radiation, the degree of phase
matching of the "elementary" Doppler signals is also affects the modulation depth and the signal-to-noise ratio.
The depth of modulation of the Doppler signal is determined by the product of the coefficients of the amplitude,
polarization and phase matching. These coefficients can vary from O to 1. The studies that were carried out in the
work showed the following. Reduction of the degree of scattered radiation phase, polarization and intensity
inconsistency can be achieved by using a filter that must be installed instead of the receiving diaphragm. This will
improve visibility, signal-to-noise ratio and accuracy of flow rate measurement. The optical parts of the
experimental LDA were developed and manufactured using a high-power laser diode with a low degree of
radiation coherence. An optoelectronic converter has been developed to convert low-intensity frequency



modulated radiation. It uses an avalanche photodiode and a sensitive broadband photocurrent amplifier. The effect
of scattered radiation intensity on the modulation depth of the Doppler signal was experimentally investigated.
The method for increasing modulation depth of the Doppler signal by matching the intensity of the scattered
radiation is experimentally confirmed. In the thesis the following new scientific results are obtained: - it is first
proposed to increase the modulation depth of the Doppler signal, SNR and the accuracy of the laser Doppler
velocimeter (LDV) by filtering scattered radiation, which has a low degree of intensity matching; - it is first
proposed to increase the modulation depth of the Doppler signal, SNR and the accuracy of the LDV by filtering
scattered radiation, which has a low degree of polarization matching; - for the first time, it is proposed to increase
the modulation depth of the Doppler signal, SNR and the accuracy of the LDV by filtering scattered radiation,
which results in the output of the photodetector signals in counter-phase; The practical significance of the thesis
results are: - a technique has been developed to determine the shape of the filter. The use of such a filter in LDV
with the reception of forward scattered radiation increases the intensity coordination degree of radiation, the
modulation depth of the Doppler signal, SNR and measurement accuracy of the flow velocity; - a technique has
been developed to determine the shape of a filter. Using such a filter in the LDV with back scattering radiation
increases the degree of polarization of the radiation, the modulation depth of the Doppler signal, the signal-to-
noise ratio, and the accuracy of the flow velocity measurement; - a technique was developed to determine the
shape of the filter. The use of such a filter in increasing the degree of harmonization of "elementary" Doppler
signals by phase, the modulation depth of the Doppler signal, the signal-to-noise ratio and the accuracy of flow
velocity measurement; - two and three component laser Doppler velocity meters, the structures of which have
been developed in the work, are intended to measure the flow velocity according to the specifics of the
measurement; - laser Doppler velocity and length meter, the structure of which is designed in the work, is
intended for use in those technological processes where it is necessary to measure the speed of solid surfaces and
their length. For example, wire during its wiring, electrical cables, rolling in metallurgical production and other
production processes; - laser Doppler aerosol counter, the structure of which is designed in the work, is intended
for use in those technological processes where it is necessary to determine the quantitative distribution of
aerosols by size. For example, to control the state of the air in industrial premises of the electronics and
pharmaceutical industries; - laser Doppler meter of two components of vibration velocity, the structure of which is
developed in the work is intended for the study of the nature of vibration during bench tests of aircraft engines, as
well as during the study of vibration of power equipment units, automobile engines and other equipment; - laser
Doppler meter of two components true airspeed of unmanned aerial vehicle the structures was developed.
Keywords: measurement, velocity, aero/hydrodynamic flow, laser, Doppler, error, modulation depth, signal /noise
ratio, intensity, polarization, phase, scattering.
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