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Pedepar:

1. Inceprarist npUCBs4Y€Ha PO3POOJIEHHIO Ta JOCIIKEHHIO CUCTEMU aBTOMAaTU30BAHOTO KEPYBAHHSI TEXHOJIOTIYHUM
IIPOLIECOM XiMIUYHOTO (ppe3epyBaHHS 3 BUKOPUCTAHHSIM MaTPUYHUX BUXPOCTPYMOBUX II€PETBOPIOBaYiB. Cy4yacHMN
eTaln po3BUTKY IPOMUCJIOBOTO BUPOOHUITBA XapaKTEPU3Y€EThCS 3pOCTAHHSIM OTr0 iHTEHCUBHOCTI Pa3oMm 3
HiABUILEHHSIM BUMOT 1[O/I0 SIKOCTi IPOJYKLi, paljioHaJIbHOrO BUKOPUCTAaHHS pecypciB Ta eHeproedekTuBHOCTI. Le

aKTyasizye IpolecH yAOCKOHaNeHHS METO/IB Ta 3aC00iB aBTOMATH3allii BUPOOHUYMX TEXHOJIOTIYHUX ITPOIIECIB.



YcnimHe po3B'si3aHHS MUTaHb aBTOMAaTU3allil KepyBaHHS BUPOOHUUYMMU IpoliecaMy oTpebdye iHTerpatii JocsrHeHb
B Pi3HUX rajyssx 3HaHb. BaXKJIMBOIO CKJIaIOBOI0 aBTOMATU30BAHUX CUCTEM KEPYBaHHS TEXHOJIOTIYHUMU IIPOLECaMu
(ACKTTI) € 3acobu, 110 37ilICHIOIOTh OLIiHIOBAaHHS PEryJIbOBaHOi BEJIMYMHU i POPMYIOTh CUTHAIM KEPYBAHHS.
Po3po6s1eHO IBOKOHTYPHY CUCTEMY aBTOMaTM4HOro KepyBaHHs (CAK) myig ACKTII ximiuHoro ¢ppesepyBanHs (XP)
BUPOOIB 3 a/lllOMiHi€eBUX CIJIaBiB. [lepinii KOHTYp Kepye TeMIIepaTypolo TPABHUKA IJ1s MiATPUMKH IBUAKOCTI
TpaBJieHHs. JIpyruil KOHTYp 3abe3rneuye 3yNUHKY IIPoLiecy 3a pe3ysbTaTaMU BUMipIOBaHHS TOBLUIMHYU BUPOOY
3acobamu BUXpocTpyMmoBoro KoHTposo (BCK). PoarsisnyTo Bukopucranus trexHosorii BCK 3 BUXxpocTpyMmoBUMHU
marpunsmu (BCM), 1o 103BoJIsle KOHTPOJIIOBATY IPOLEC TPABJIEHHS HA 3HAUYHUX IIOBEPXHSX BUPOOIB, MiBUIUTU
epeKTUBHICTb 06POOKY Ta 3a6e31eYnTH BUCOKY sIKicTb ponykuii. [TepeBaru TexHosorii BCK mi1st BUKOprucTaHHs B
ACKTTI X® BxJ1I0YAIOTh: - [IEPETBOPEHHS HEEJIEKTPUUHUX [1apaMETPiB B €JIEKTPUYHI CUTHAMMY; - BiICyTHICTb
MEXaHIYHOTO KOHTAKTY 3 00'€KTOM,; - 3a0€311eUeHHs IOCTYIy TPAaBHUKA [0 [I0BEPXHi BUPOOY; - pO60Ta B IIMPOKOMY
Iiana3oHi mapameTpiB; - KepyBaHHS 32 pe3yJIbTaTaMu KOHTPOJIIO TOBIIMHY BUPOOY 3a3HavyeHo, 1o noteHuian BCK
17151 BuKopuctaHHs B ACKTII X HeocTaTHBO PO3KpUTUM. [lepClieKTUBHUM € BUKOPHUCTAHHSI BUXPOCTPYMOBUX
[IepeTBOPIOBAYiB MAaTPUYHOTO THUITY, L0 MiABUIY€E IPOAYKTUBHICTb Ta HALiMHICTh KOHTPOJIIO. IHPOpMaLiiHUMU
napamerpamu curHaziB BCM e ammumityna Ta ¢asosuii 3cyB. OpieHTanis Ha n1o6ynoBy rogorpadiB CTBOPIOE
TpynHoui nys aBromatusauii BCK. [TapameTpu curHasiiB 4acTo YyTJIUBi 10 30BHIIIHIX BIJIUBIB, 1[0 0OMEXYeE iX
BUKOPHUCTaHHS 11711 (OPMYyBaHHS KepyBaJIbHUX BIIUBIB. ICHY€e aKTyasibHa 3a/1a4a po3pOo0JIeHHSI HOBUX
aBTOMAaTHU30BaHMX MeTOZIB Ta 3aco6iB BCK 3 MarpnyHumu nepersoproBadamu a1 crBopeHHs: CAK B ACKTII XO.
Po3po6sieHo 6araToBUMipHy Mozesb curiasnis BCM 3 MOXKJIMBICTIO 3aCTOCYBaHHSI IMCKPETHOTO N1€PETBOPEHHS
l'npbepra. PO3risiHyTO CTPYKTYPHO-JIOTiUHY cxeMy (OpMYyBaHHS Ta OIpaljioBaHHs curHanis BCM. Bukopucranns
nepetrBopeHHs ['inbbepTa [03BOJIsI€E OTPUMYBATH 3HAUYHi 00csry iHpopmallii, CAHXpPOHHO O0UKCIIIOBATU aMILIITYyJHY
Ta (a30By XapaKTEPUCTUKU CUTHAJIB. 3alIPOIIOHOBAHO 3aCTOCOBYBATH iHAMKATOPHY (YHKIIIO OJ1s1 aHAi3y
CHT'HAJIbHUX I10JIiB Ha 3HAYHUX [iJISTHKaX [10BEPxHi BUpoOy. PO3p0o6ieHO METONMKY MO eJIIOBaHHSI, OTIPALIOBaHHS i
aHasizy iHpopmaTuBHUX NapameTpiB curHaniB BCM Ha oCHOBI AucKpeTHOro nepetsopeHHs ['ins6epTa. IIporpamHo-
aJNropuUTMidHe 3a0€3MeYeHHs I03BOJIsIE€ OLiHIOBATH B3a€MO3B'1I3KM MK XapaKTepUCTUKaMU CATHAJy T2 KEPOBaHUMU
napameTpamu. PO3risiHyTO TEXHOJIOTiI0 IPOTOTUITYBaHHS 117151 CTBOpeHHs 3aco6iB BCK. Ha 6a3i niatdpopmu Red
Pitaya pospo6sieno npororurn cuctemu BCK nis Bukopucranss B CAK npouecom X®. 3anporoHOBaHO apxiTeKTypy
IIPOrPaMHOr0 3a6€31eYeHHs] CUCTEMU. PO3P006JIEHO BUXPOCTPYMOBUH [1IEPETBOPIOBAY MATPUYHOIO TUILY HA OCHOBI
I PYKOBAHUX IIaT. EkciepuMeHTanbHi JOCiIpKeHHS NiATBepauy epeKTUBHICTh TexHosorii BCK 3 BCM.
3anponoHoBaHo oujiHoBaTy edekTuBHicTs BCM 3a gonomoroo koediuieHTa, o BpaxoBy€e 3MEHIIEHHS Yacy
KOHTPOJIIO Ta MiJIBUILIEHHS YyTIUBOCTI. PO3p06sIeHO METOAUKY Ta aJIFOPUTM ONpalioBaHHA curHanis BCM 3
HOpMaJi3ali€el KOMIUIEKCHUX KoeQillieHTiB epefadi KaHajliB [j1s NiABUILEHHS YyTAMBOCTi. CTBOPEHO IPOTOTUIL
cucremu BCK 3 BCM, 1m0 peasnisye 3anrporioHOBaHy METOAUKY. EKCriepuMeHTalbHi BUIPOOYBAaHHS MiATBEpAUIN
ePeKTUBHICTb TeXHOJIOTii. OGIPYHTOBAHO N1€PCIEKTUBYU BUKOPUCTAHHSI HENPOMEPEsKeBUX TEXHOJIOTI JJ1s1 CUHTEe3Y
CAK Ha ocHoBi BCK. BukopucTaHHs LITy4YHUX HEPOMEPEXK MOXKE 3HAYHO NiaBuIUTU epektruBHicTb ACKTII 3a

BiZICYTHOCTI IIPSIMUX 3B'SI3KiB MDK XapaKTepUCTUKaMU 00'eKTa Ta napameTpamu curaanis BCM.

2. The dissertation is devoted to the development and research of an automated control system for the chemical
milling process using eddy current array probes. Modern industrial production requires improved automation
methods for production processes and advanced technical solutions to optimize technological conditions.
Successful automation of industrial processes integrates achievements from various fields such as automatic
control theory, information technologies, and non-destructive testing. A two-circuit automatic control system for
chemical milling (CM) of aluminum alloy products was developed. The first circuit controls pickle temperature to
maintain etching speed. The second circuit stops the process based on product thickness measurements using
ECT. The concept of integrating ECA tools into APCS is further developed. ECA technology allows control of
etching on large product surfaces, increases efficiency, optimizes resource use, and ensures high product quality.
Advantages of ECT technology for chemical milling APCS include: Converting non-electrical parameters to
electrical signals No mechanical contact with the object Allowing pickle access to the entire product surface
Operation in a wide range of technological parameters Control based on product thickness measurements The



potential of ECT for APCS use is not fully explored. Using ECA probes is promising for creating ECT devices,
increasing testing performance and detailed analysis. This is achieved by reducing testing time, optimizing signal
processing, adaptive change of excitation parameters, and applying modern data processing algorithms.
Information parameters of ECA signals are amplitude, phase shift, and frequency, usually represented as
hodographs. This creates difficulties for ECT automation in process control systems. Signal parameters are often
sensitive to external influences, limiting their direct use for forming control actions. There is an urgent task to
develop new automated methods and tools for ECT with ECA probes for APCS. A preliminary analysis of ECA
signals identified unused resources of ECT for APCS use. The work analyzes recent publications on ECT
automation, considers including ECT subsystems in APCS, and develops a multidimensional model of ECA signals
using the discrete Hilbert transform (DHT) for complex signal analysis. The structural and logical diagram of ECA
signal processing is considered. Using DHT in ECT-based control systems allows obtaining more digital
information about objects, calculating signal characteristics, and expanding possibilities for forming control
signals. Prototyping technology for ECT tools is considered. A prototype ECT system for chemical milling control
was developed on the Red Pitaya platform. The system responds to material heterogeneities and generates control
signals. The software architecture includes data processing algorithms. An ECA probe with flat spiral coils was
developed using printed circuit board technology. A methodology for processing ECA signals, including
normalization of complex transfer coefficients, was developed to increase sensitivity to technological parameters
in APCS. Experimental studies confirmed the high performance of ECT technology with ECA probes. The
effectiveness of ECA is evaluated using an efficiency coefficient accounting for reduced testing time and increased
sensitivity. A prototype ECT system using ECA was created, implementing the proposed methodology. Tests on
samples with various defects confirmed its effectiveness in flaw detection. Prospects for using neural network
technologies for synthesizing automatic control systems based on ECT are substantiated. Using artificial neural
networks can increase APCS efficiency in the absence of direct links between object characteristics and ECA signal
parameters.
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IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOHM: HanioHnanbHuii TexHi4HMIA yHiBepcuTeT YKpainu "KuiBchkuit

NOJIiTeXHiYHMI iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHIBEPCUTETCHKUIL

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. 3nopeHko Banepii 'eoprifioBuy

2. Valeriy Zdorenko

KBasigikanis: n.r.1., mpodecop, 05.19.03
InenTudikarop ORCID ID: 0000-0001-6508-4290
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0M: HarionanbHuil TexHiuyHMi yHiBepcuTeT YKpainu "KuiBchKuii

MOJIITEXHIYHMI IHCTUTYT imMeHi Irops Cikopcpkoro”
Kopg 3a €IPIIOY: 02070921
Micue3HaxoaKeHHS: npocnekTt bepecreiicekuit, 6y, 37, Kuis, 03056, Ykpaina

dopma ByacHOCTI: [lepkasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

VIII. 3akar04Hi BimoMocTi

ByiacHe IlpizBumie Im's ITo-6aThKOBI Bypay Hazis IBaniBHa

TrOJIOBH pagu

BaacHe IlpizBuie Im's [10-6aTbKOBI Bypay Hazis IsaniBHa

rOJIOBYIOYOrO Ha 3aCifiaHHi

BigmoBigasbHUH 3a MiATOTOBKY Jlepuenko Onexcangnp Enyaprosud

00JIIKOBHX JJOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiJaJIbHUM 32 PEECTpalLilo HayKoBoOi IOpuenko TeTsHa AHaToiiBHA

OisSIIBHOCTI




