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Pedepar:

1. Incepraliiio pyUcBsY€HO BUPIIIEHHIO HAYKOBOI 3a71a4i po3p06JIeHHS 1 AOCiIpKEHHS Ha MaTeMaTUYHUX MOZEJISIX
Ta Y BUPOOHMYOMY IIPOLECi CUCTEMU aBTOMATU30BAHOTO KEPYBAHHS YJIbTPa3ByKOBUM oumieHHsIM (YO) BUpo6iB
CKJIQIHOI KOH(irypatlii 3 MeTOI0 MiIBUILILEHHS 10r0 eHeproeeKTUBHOCTI Ta IKOCTi KiHLIEBOTO pe3yJbTaTy. Y
[IepLIOMY PO3[Iijli HA OCHOBI OIVISAY JTEPATYPHUX IXKEPEJT [IPOaHasi30BaHO MIPOLEC YIIbTPa3BYKOBOI'O OYMUIIEHHS Ta
BM3HaU€Hi HeBUPillleHi UTaHHs B Ll cdepi. [IpoananisoBaHo BIIJIMB Pi3HUX (PAKTOPIB, 1110 LO3BOJISIIOTH
ONTUMI3yBaTU MIPOLEC OUMIIEHHS Ta BUSIBJIEHO, 110 aBTOMATU3allisl IPOLLECY € OJHUM 3 HaIPSMIB i BUIMIEHHS 10TO
edexTuBHOCTI. Haii6isipIl KpUTUYHUM € BifCyTHICTb 3aC06iB, 110 AO3BOJISIOTh POPMYBATH KEPyBaHHS
yJIbTPA3BYKOBUM OYMIIEHHSM 32 CTAaHOM OYMILYBaHOTO BUPOOY. BupimeHHIM 1iiei npo6iemMu CTauo 3aCTOCyBaHHS
TPUBUMIPHOI HEYITKO] JIOTIKY, fIKa 33 CBOE€IO CYTTIO CTBOPEHA 1111 KOHTPOJIIO 32 [IPOCTOPOBO PO3NOAITIEHNMU
npouecamu. Y Apyromy po3zisi posrisiHyTo IOOYA0BY MOJeJiel yIbTPa3ByKOBOTO OUMILEHHS 1J1s1 Pi3HUX 32

(}i3MYHOIO CYTTIO BUNIAJIKIB (OYMILEHHS i3 3MEHIIEHHSIM I'YCTUHY 3a0pyIHEHHS Ta 3MEHIIEHHSM HOT0 TOBLUIVHU) Ta



17151 BUpPOOiB pi3HOi KOHQIrypalii 3 METOI0 BUSBHAYEHHS OCHOBHUX 3aKOHOMIPDHOCTE! 3MiHU YJIbTPa3BYKOBOTO
BiATYKy IIpY 3MEHILIEHH] 3a6pyAHEHHS BUp0Oy. BUsBII€HO, 110 IIPU OYUIEHHI BUPOOY CIIOCTEPIraeThCs 3MiHEHHS
4yacy HaIXOJPKEHHS CUTHAJIY, @ TAKOXK MAaKCMMAJIBHOI aMIUIITYIX Ta KiJIbKOCTI 3HAYHUX aMIUITYIHUX BiIXUJIEHb.
Po3po6seHo meTon OpMyBaHHS OLIIHKY CTaHY NEPEDITry yIbTPa3ByKOBOIO OUUIIEHHS 3a1aHOI Ai/ISTHKY i3
BUKOPUCTAHHSM CIIEKTPAJIbHOTO PO3KJIAZy 3a JOTIOMOIOI0 MIBUAKOrO nepeTBopeHHs Pyp’e. Tpertiit posin
IIPUCBSIYEHO PO3POOLi cucTeMU epEeKTUBHOIO IPOCTOPOBOTO KEPYBAHHS Ha OCHOBI HeuiTKoi jioriku. [s
[IO€JHAHHS NepeBar TakuX pO3IMpPEeHb HEYITKOI JIOTIKU K TPUBUMIpPHA (003BOJIsIE 06POO6IISTH IIPOCTOPOBY
iH(popMallilo) Ta iHTepBaJibHA (DOOPE MpaLtoe 3 iHpopMalli€lo, sIKa He Ma€ 4iTKOI €KCIIePTHOI OLiHKM) OyB
PO3pO6IeHNI KOHTPOJIEp Ha 6a3i TPUBMMIPHOI HEYITKOI iHTEPBAJIbHOI JIOTiKU. B 10T0 OCHOBI 3HAXOIUTHCSI HEYITKA
MHOXHHA, 110 Ma€ iHTepBaabHy QYHKIII0 MPUHAJIEKHOCTI Ta AOJATKOBY IIPOCTOPOBY KOOPIVHATY. AJITOPUTM
po6OTH KOHTpOJIEPA CKIIAHAETHCS 3 TPAAULINHUX onepanin pasudikaliil, popMyBaHHS BUBOLY Ta Hedasudikauii
LJISIXOM PO3IIMPEHHS HAa APYrOMy €Talli 3a paXyHOK [IPOCTOPOBOro 06’ejHaHHS iH(popMallii Ta 3SMEHIIEHHS
po3mipHOCTi. Takox 6yB po3pob6JieHuI aIrOpUTM BU3HAUEHHS KePYIOUUX [IapaMeTpiB [1J1 TeXHOJIOTIYHOI éMHOCTI 3a
CIIiBBiIHOLIEHHSIM 3HAa4€Hb iHTEHCUBHOCTEN YJIbTPAa3ByKOBUX BUIIPOMIHIOBAYiB, 10 OTPMMAaHI 3a JOIIOMOTOI0
TPUBHAMIPHOIO HEYIiTKOTO iHTEPBAJIBHOIO KOHTPOJIEPA. B 4eTBEpTOMY pO3Aiji po3p0o6sieHO anropuTmM GOpMyBaHHS
eeKTUBHOrO IIPOCTOPOBOr0 KepyBaHHs NpoiecoM YO i3 BUKOPUCTaHHSIM YJIbTPa3ByKOBUX CEHCOPIB 11JIs1
BH3HAUY€HHS €(PEKTUBHOCTI IIepebdiry OUMIEHHS Ha OKPEeMUX JifisiHKax. Ha OCHOBI 11bOro anroputmy po3pobsieHo
IIporpamHe 3a6€e3Me4YeHHs, 3a JOIIOMOTOI0 SIKOTO 3MOZEIbOBAHO MPOL,EC OUNIIEHHS i3 BUKOPUCTAHHSM Pi3HUX
MeTo/1iB 06po6KH BXifHOI iH(popMalii Ta peanisauii BUXiZHOTO K€pPYOUYOro BIIUBY. [I[poBeieHe MOLEII0OBAHHS
yJIbTPa3BYKOBOT'O OUMILIEHHS i3 BUKOPUCTAHHSIM 3a3Ha4€HOT0 KOHTPOJIEpa CIIOYaTKy IIJISIXOM ITOBHOI ikcalii 3MiHu
CUTHaJly yJIbTPa3ByKOBUX BiITYKiB uepe3 IeBHI IPOMIXKKY 4acy Ta 3a JOIOMOIOI0 OIIMCAHOTO Y TPETbOMY PO3ii
METO[ly OLIiHIOBaHHSI CTaHy Nepebiry OYMileHHs. B nepmomy BUNagKy €KOHOMIiSI eHeprii 32 paXyHOK 3MEHIIEHHS
00pOOKY JIMIIe THX AiJISTHOK, 10 OTPeOyIoTh OunIlleHHs, ckiana 41%, a y gpyromy 6yJia 36isbpieHa me Ha 6 %. Le
CBiZJYUTb, K PO €(PEKTUBHICTb 3alIPOIIOHOBAHOI CUCTEMU KE€PYBaHHS yJIbTPa3BYKOBUM OUMIIEHHS, TaK i IIPO
IOLi/IbHICTh BUKOPUCTAHHS METO/y OLIiHIOBaHHSI CTaHy Nepeoiry npolecy OYMILEeHHS 3a aHaJli30M yJIbTPa3BYKOBUX
BiAryKiB. TakoX IPOBELEHO MOJEIIOBAHHS i3 BUKOPUCTAHHSIM YJIbTPa3ByKOBOi (ha30BaHOI PELIITKY B SIKOCTI
BHUKOHYIOYHMX €JIeMEHTIB. 30i/IbllIeHHS CyMapHOTo aKyCTUYHOIO TUCKY B 30Hi 3a0pyHeHHs! ckjano 40% MopiBHSIHO
i3 BUKOpUCTaHHSIM 3BUYANHUX yJIbTPa3ByKOBUX BUIIPOMiHIOBauiB. [IporpamHe 3ab6e3neyeHHs: po3po0JeHo i3

BMKOPHMCTaHHSIM [1aKeTiB NIpUKIagHuX nporpam MATLAB Ta k-wave.

2. The thesis is dedicated to the solution of the scientific problem of development and research on mathematical
models and in the production process of the system of automated control of ultrasonic cleaning (UC) of products
of complex configuration in order to increase its energy efficiency and the quality of the final result. In the first
section, based on a review of literary sources, the process of ultrasonic cleaning is analyzed and unresolved issues
in this area are identified. The influence of various factors allowing to optimize the cleaning process was analyzed
and it was found that the automation of the process is one of the ways to increase its efficiency. The most critical
thing is the lack of means that allow shaping control of ultrasonic cleaning according to the condition of the
cleaned product. The solution to this problem was the use of three-dimensional fuzzy logic, which is inherently
designed to control spatially distributed processes. In the second section, the construction of ultrasonic cleaning
models for different physical cases (cleaning with a decrease in the density of pollution and a decrease in its
thickness) and for products of different configurations is considered in order to determine the main patterns of
changes in the ultrasonic response when the pollution of the product is reduced. It was found that when the
product is cleaned, there is a change in the signal arrival time, as well as the maximum amplitude and the number
of significant amplitude deviations. A method of forming an assessment of the state of the course of ultrasonic
cleaning of a given area using a spectral decomposition by means of a fast Fourier transformation has been
developed. The third section is devoted to the development of an efficient spatial control system based on fuzzy
logic. To combine the advantages of such extensions of fuzzy logic as three-dimensional (allows to process spatial
information) and interval (works well with information that does not have a clear expert evaluation), a controller
based on three-dimensional fuzzy interval logic was developed. It is based on a fuzzy set that has an interval



membership function and an additional spatial coordinate. The controller's work algorithm consists of traditional
operations of fuzzification, output formation and defuzzification through expansion at the second stage due to
spatial unification of information and dimensionality reduction. An algorithm was also developed to determine the
control parameters for the technological capacity based on the ratio of the values of the intensities of the
ultrasonic emitters obtained with the help of a three-dimensional fuzzy interval controller. In the fourth section,
an algorithm for the formation of effective spatial control of the UC process was developed using ultrasonic
sensors to determine the efficiency of the cleaning process in individual areas. On the basis of this algorithm,
software was developed, with the help of which the cleaning process was simulated using various methods of
processing input information and implementing the output control influence. Simulation of ultrasonic cleaning
was carried out using the specified controller, first by completely fixing the change in the signal of ultrasonic
responses after certain time intervals and using the method of evaluating the state of the cleaning progress
described in the third section. In the first case, the energy savings due to the reduction of processing of only those
areas that need cleaning amounted to 41 %, and in the second it was increased by another 6 %. This testifies both
to the effectiveness of the proposed ultrasonic cleaning control system and to the expediency of using the method
of evaluating the state of the cleaning process by analyzing ultrasonic responses. Simulations were also carried out
using ultrasonic phased arrays as performing elements. The increase in the total acoustic pressure in the pollution
zone was 40 % compared to the use of conventional ultrasonic emitters. The software was developed using the
MATLAB and k-wave application packages.
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