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Pedepar:

1. Incepraist npucBsiyeHa Po3pOOJIEHHIO Ta JOCIIKEHHIO CUCTEMHU aBTOMAaTU30BaHOTO KEPYBAaHHSI TEXHOJIOTTYHUM
IIPOLIECOM XiMiuHOTO (pe3epyBaHHs 3 BUKOPUCTAHHSIM MaTPUYHUX BUXPOCTPYMOBUX II€peTBOPIOBayiB. CyyacHuU
eTarn po3BUTKY IPOMUCJIOBOTO BUPOOHULITBA XapaKTEPU3YETHCS 3pOCTaHHSIM OT0 iIHTEHCUBHOCTI pa3oM 3
HiABUILEHHSIM BUMOT 1[O/I0 SIKOCTI MPOAYKLii, paljioHaJIbHOrO BUKOPUCTAaHHS pecypciB Ta eHeproedekTuBHOCTI. Le
aKTyaJli3ye IpOoLeCH YAOCKOHAIIEHHSI METOiB Ta 3aC00iB aBTOMaTH3allii BUPDOOHNYUX TEXHOJIOTIYHUX IIPOLIEC]B.
YcnimHe po3B'si3aHHSI TUTaHb AaBTOMATU3allii KEPYBaHHS BUPOOHUYMMU MIPOLieCaMU NIOTpedye iHTerpalii JOCSITHEHb
B Pi3HUX rajnyssx 3HaHb. BaXKJIMBOIO CKJIaIOBOI0 aBTOMATU30BAHUX CUCTEM KE€PYBaHHS TEXHOJIOTIYHUMU MIPOIeCaMu

(ACKTTI) € 3aco6w, 110 37ilICHIOIOTh OLiHIOBAaHHS PEryJIbOBaHOi BEJIMYMHY i POPMYIOTh CUTHAIM KEPYBAHHS.



Po3po61eHO IBOKOHTYPHY CUCTEMY aBTOMaTU4HOro KepyBaHHs (CAK) myig ACKTII ximiuHoro ¢ppesepyBanHs (XP)
BHPOOIB 3 aoMiHieBUX cIaBiB. [lepmnii KOHTYp Kepye TeMIIEpaTypoIo TPaBHUKA JJIsl HiITPUMKHU MIBUAKOCTI
TpaBJieHHs. JIpyruil KOHTYp 3abe3rneuye 3yNuHKY IIPOLeCy 3a pe3ysbTaTaMU BUMipIOBaHHS TOBLUIMHYU BUPOOY
3acobamu BUXpOCTpyMoBoro KoHTposo (BCK). PoarysHyTo Bukopucranus rexsosorii BCK 3 BuxpoctpyMmoBuMU
marpunsamu (BCM), o 103BoJIsie KOHTPOJIIOBATU IPOLEC TPABJIEHHS HA 3HAYHUX IIOBEPXHAIX BUPOOIB, MiABUIUTU
eeKTUBHICTb 06POOKY Ta 3a0€31eYnTH BUCOKY sIKicTb Tpoaykiuii. [TepeBaru TexHosorii BCK msist BuKoprucTaHHs B
ACKTTI X® BKJIIOYAIOTh: - IEPETBOPEHHS HEEJIEKTPUUHUX [1aPAMETPIB B €JIEKTPUYHI CUTHAMM; - BiICyTHICTb
MEXaHIYHOTO KOHTAKTY 3 00'€KTOM,; - 3a0€311eUYeHHs OCTYIy TPAaBHUKA [0 [I0BEPXHi BUPOOY; - pO60Ta B IIMPOKOMY
Iiana3oHi napameTpiB; - KepyBaHHS 3a pe3yJIbTaTaMu KOHTPOJIIO TOBIIMHY BUPOOY 3a3HaveHo, 1o noteHuian BCK
17151 BuKopuctaHHs B ACKTII X HeocTaTHRO PO3KPUTUIL. [lepCrieKTHBHUM € BUKOPUCTAHHSI BUXPOCTPYMOBUX
[I€peTBOPIOBAYiB MaTPUYHOTO THUITY, IO MiABUIY€E TPOAYKTUBHICTb Ta HALIMHICTh KOHTPOJIIO. IHPOpMaLiNHUMU
napamerpamu curHazuiB BCM e amnmityna Ta ¢pasosuii 3cys. OpieHTanis Ha 1o6ynoBy rogorpadiB CTBOPIOE
TpynHoui nys aBromatusauii BCK. [TapameTpu curHasiis 4acTo YyTJIMBi 10 30BHIlIHIX BIJIUBIB, 1[0 0OMEXYeE iX
BHMKOPHUCTaHHS 11711 POPMYBaHHS KepyBaJIbHUX BIIUBIB. ICHY€e aKTyaslbHa 3a/1a4a po3pOo0JIeHHSI HOBUX
aBTOMATM30BAHUX METO/IB Ta 3ac0o6iB BCK 3 MaTpuuHuMU nepeTBopioBauamu st ctBopeHHs CAK B ACKTII XO.
Po3pobseHo 6araToBUMipHY MOZesb cUurHajiB BCM 3 MOXKJIMBICTIO 3aCTOCYBaHHS AUCKPETHOI'O II€PETBOPEHHS
l'np6epra. PO3ryisiHyTO CTPYKTYPHO-JIOTiUHY cxeMy (POpMYyBaHHS Ta OnlpaljioBaHHs curHanis BCM. Bukopucranns
nepeTrBopeHHs ['inbbepTa 103B0JIsI€ OTPUMYBATU 3HAYHI 00Csry iHpopMallii, CAHXpPOHHO O0UKCIIIOBATU AMILIITYJHY
Ta (a30By XapaKT€PUCTUKU CUTHAJIB. 3alIpOIIOHOBAHO 3aCTOCOBYBATHU iHIMKATOPHY (PYHKIIiIO 17151 aHali3y
CHTHAJIbHUX I10J1iB Ha 3HAYHUX [iJISTHKaX [10BEPxHi BUpoOy. PO3p0o6yieHO METONMKY MOJEJIIOBaHHSI, ONIPallloBaHH! i
aHasizy iHpopMmaTuBHUX NapameTpiB curHaniB BCM Ha oCHOBI AucKpeTHOro nepetsopeHHs [insoepTa. IIporpamHo-
aJrOpUTMidHE 3a0€3MeYeHHs I03BOJISIE€ OLiHIOBATH B3a€MO3B'I3KM MK XapaKTepUCTUKaMU CUTHAJIy Ta KEPOBAaHUMU
napaMeTpamiu. Po3risiHyTo TeXHOJIOTi0 MPOTOTUITYBaHHS [J1s1 CTBOpeHHs 3aco6iB BCK. Ha 6a3i ninatdopmu Red
Pitaya pospo6sieno npororun cucremu BCK nis Bukopucranss B CAK npouecom X®. 3anpornoHOBaHO apxiTeKTypy
[IPOTrPaMHOr0 3a6€3eYEHHS] CUCTEMU. PO3P0O06JIEHO BUXPOCTPYMOBUH [1IEPETBOPIOBAY MATPUYHOIO TUITY HA OCHOBI
IPYKOBaHUX I1JIaT. EKCriepuMeHTasbHi JOCiIpKeHHS NinTBepanan eQeKTuBHIiCTb TexHoorii BCK 3 BCM.
3anponoHoBaHo oLiHoBaTU edekTuBHicT, BCM 3a gonomoroo koedilieHTa, 1110 BpaxoBye 3MEHIIEHHS Yacy
KOHTPOJIIO Ta MiJIBUILIEHHS YyTJIUBOCTI. PO3p06sIeHO METOAUKY Ta aJIFOPUTM ONpalloBaHHA curHanis BCM 3
HOpMaJi3ali€el KOMIUIEKCHUX KOoe(illieHTiB epefadi KaHajliB [j1s1 NiABUILEHHS YYTIMBOCTL. CTBOPEHO IPOTOTUIL
cucremu BCK 3 BCM, 1m0 peasni3ye 3arporoHOBaHy METOAUKY. EKCriepuMeHTaIbHI BUITPOOYBaHHS MiTTBEPIUIIN
ePeKTUBHICTb TeXHOJIOTii. OGI'PYHTOBAHO N1€PCIEKTUBYU BUKOPUCTAHHSI HENPOMEPEKEBUX TEXHOJIOTH JJIs1 CUHTE3Y
CAK Ha ocHoBi BCK. BUKOpucTaHHS ITYyYHMX HEPOMEPEXK MOXKE 3HAYHO NiagBumunTy epextuBHicTs ACKTII 3a

BiICYyTHOCTi IPSIMUX 3B's13KiB MK XapakKTepUCTUKaMU 00'e€KTa Ta IapameTpamu curHasnis 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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Micue3HaxoaKeHHS: npocrekT bepecreiicekuit, 6yx. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. 3nopeHko Banepiii 'eoprifioBuy

2. Valeriy Zdorenko

KBasigikamnis: n.1.1., mpodecop, 05.19.03
InenTudikarop ORCID ID: 0000-0001-6508-4290
JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOHM: HauionanbHuii TexHiuHMiA yHiBepcuTeT YKpainu "Kuischkuit

NOJIITeXHIYHMM iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocrekt bepecreiicekuit, 6y7. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
ByiacHe Ilpi3Bumie Im's ITo-6aThKOBI Bypay Hazist IBaniBHa

TOJIOBH paju



BaacHe IlpizBume Im's I10-6aTbKOBI Bypay Hazist [aniBHa

TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUMH 3a HiATOTOBKY Jlepuenko Onexcanap Enyapposuy
00JIiKOBUX JOKYMEHTIB

Peecrtparop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




