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Pedepar:

1.V nucepraniiiHiii po60Ti ornrcaHo 0COBIUBOCTI Ta MPOGIEMHU TETJIOBOTO KOHTPOJIIO BUPOGIB i3 6araTomapoBux
Mmarepiais. [IokazaHo, 1[0 Ha Cy4aCHOMY eTalli PO3BUTKY METOJiB TE€IJIOBOTO HEPYHHIBHOTO KOHTPOJIIO BAKJIMBUM
3aBJAHHSIM € He JiMlle BUSBJIEHHS Ta BUBHAYEHHS KOOPAMHAT i [TONepeyHux po3MipiB IedeKTiB 6araTomapoBux
marepiaJis, ajie i BUMipIOBaHHS iX IJIMOWHM 3aJIITaHHS Ta PO3KPUBY. PO3rJIIHYTO TpaAULiiiHi MaTeMaTUYHI Ta
CTaTUCTUYHI METOOY TeIJIOBOi AedeKToMeTpil Ta BCTAaHOBJIEHO iX Henosiku. OnucaHo, 10 aHAJIITUYHUN PO3B'SI30K
00€pHEHMX 33]ja4 TEIJIOBOTO KOHTPOJIIO B Psifi BUNAMIKIB € HEOOHO3HAYHUM. OCOGINBO HU3bKY €(PEKTUBHICTb
TpaguLiiiHi MeTonu Ta MoOyOBaHi Ha iX OCHOBI cuCTeMHU TeIIOBOi AedeKToMeTpil MaloTh Y BUIIAAKY KOHTPOJIIO

OaraTomapoBux MartepiasiB. Y nucepTaliiiHiil poboTi ONMCaHO MOKJIMBOCTI BUKOPUCTAHHS IITYYHUX HEHPOHHUX



Mepex 17151 yIOCKOHAJIEHHS! METOiB BUBHAYEHHS XapaKTePUCTHUK AedeKTiB. PO3IJsHyTO 0COGIUBOCTI OOYL0BU
HellpoMepeXXeBUX CUCTEM [J1s1 BUPileHHs 3a7a4 kinacudikaiii gedekTiB Ta BU3HAYE€HHS iX TJIMOMHU 3aJIAraHHS i
po3KkpuBy. [IpoBesieHO NOPiBHIHHS €(PEKTUBHOCTI POOOTH HEMPOHHUX MEPEX Ta TPALULIIMHUX METOJIiB OOPOOKHU
Tepmorpam. [TokasaHo, 10 y BioMiii JliTepaTypi He BUPIIIYIOThCS 3aBAAHHS OJHOYACHOI Kacudikanii nedekris 3a
TUIIOM Ta BU3HAYEHHS iX [VIMOVHU 3aJIITaHHS i PO3KPUBY; HE NOCJIIKEHO CII0COOM BU3HAUYEHHS [JIMOUHU 3aJIITaHHS
IedekTiB abo ix po3KpUBY LUIJISIXOM BUPIlIeHHs 3a7ja4i perpecii 3a OIIoOMOroo HeMPOHHUX MEPEeX; He BUPILIyeThCS
3aBfaHHs I00YJ0BY TEIJIOBUX 300Pa>KEHb BHYTPIIIHbOI CTPYKTYPU 00’€KTy KOHTpOoI10. CHOPMOBAHO METY
IOCJiIKEHHS y BUIJISAI aBTOMATU3allii IPOLeCy aKTUBHO] TEIJIOBOI Ae(eKTOCKOMII Ta AedeKTomeTpii i3
3aCTOCYBaHHSIM HelipomepeskeBUX TeXHOJIOTIH, 10 3abe3rnedyBaTuMe MifBUIeHHS iHPOpMaTUBHOCTI,
IOCTOBIPHOCTI Ta €pEKTUBHOCTI KOHTPOJIIO BUPOOIB i3 6araTomapoBux MarepiaiB. 3 METOI0 yIOCKOHaIEeHHS
METO/iB aKTUBHOI TeIJI0BOi AedeKToCKomil i AedeKkTomeTpii Ta aBToOMaTH3allii 00pOOKY JaHUX B IHUCepTallii
OOIrPYHTOBAHO Ta po3pobJieHo HincucteMy LU@POBOi 06POOKM TEPMOrpaM, 0 CKIALAETHCS 3 TPHOX
HellpoMepeskeBUuX MoAyJliB. ONKMCaHO MOXJIUBICTb BUKOPUCTAHHS 6araTomiapoBUX HEHPOHHUX MEPEK IIPSIMOTO
POBIIOBCIOJI)KEHHS 31 3BOPOTHUM IOLIMPEHHSM [IOMUJIKU 3 [IOBHO3B'SI3HUMMU NIPOIIAPKAMU Y CKJIaJi MOLYJIS
BUSIBJIEHHS Ta Kjacudikaiiii 1edeKTiB Ta MOAYIiB BUSHAUEHHS ITIMOUHY 3aJISITaHHS i pO3KPUBY A€(EKTIB.
CdopmoBaHo anroputmMu GOpPMYBaHHS HaBYaJIbHUX MHOXKUH 7151 3a5ia4 kiacudikauii fedexTiB Ta BUBHAYEHHS iX
IJIMOUHM 3aJIsIraHHs i po3KpuBy. OnucaHo NpoLesypy HaBYaHHS HEMPOMEPEesKeBUX MOJLYJIiB Ta pO3PO0JIEHO
BiANIOBifHE MporpaMHe 3abe3nedeHHs B cepenosuili MATLAB. BUKOHaHO porpamHy peasisalilo BipTyaJlbHUX
npunagis B cepenosuili NI LabVIEW, B SIKMX BTiJIEHO alTOPUTMU POOOTU HEMPOMEPEXKEBUX MOZYJIIB Ta MOCT-
00po6Ku pesysbrari. CTBOpeHo rpadiuHuii iHTepdeiic KOprUCTyBaya, SKUH MICTUTb eJIeMeHTH KepyBaHHS,
iHCTpYMEHTH [1J1s1 IPOBEAEHHS NePeKToMeTpii Ta 6510KU rpadivyHoro BifodpaxkeHHs iHpopMalii o010 OI0KEHHS
nedeKTiB Ta BHYTPIlIHbOI CTPYKTYPU 00'€KTY KOHTPOJIIO. Y POOOTi MPOBEIEHO KOMITIOTEPHE MOZEIOBAHHS ITPOLIECY
aKTUBHOTO TEIJIOBOTO KOHTPOJIIO 3pa3Ka i3 6araromapoBoro BYTIJEINIacTUKY 3i IITYYHUMU BHYTPIilHIMEU nedeKTamu.
3a peaysbTaTaMy JOCiIKeHb e(PeKTUBHOCTI 0OPOOKM OTPUMAHUX I1OCJIiJOBHOCTEN TEPMOTpaM PisHUMHU METOJaMU
BCTAHOBJIEHO, IO PO3PO06JIEHA HEMPOMEPEKEBa CUCTEMA 3a0e3Iedye HalBUILi IOKa3HMUKU SIKOCTI Kyacudikarii
nedeKTiB Ta TOYHOCTI AeeKTOMETPIi cepes; PO3IISIHYTUX METOLIB. JJOC/IiIPKEHO BIIUB apXiTeKTypy HEPOHHUX
MepEeX Ha pe3yJIbTaTy pOoOOTH HepOMepesKeBUX MOYJIiB PO3PO6JIEHOI CUCTEMH Y BUNIAAKY OOPOOKY JaHUX
KOMITIOTEPHOT0 MOie/I0BaHHS. [IpoBeieHO JOCIIiIKEHHS BIJIUBY OOCATY Ta SKOCTi HaB4aslbHOi BUOIPKU Ha
pe3yJbTaTu pOOOTH HEMPOMEPEKEBUX MOYJIiB. EKCIIEpUMEHTaIbHI JOCIIIPKEHHS II0Ka3aJId, o pO3pobeHa
CHCTEeMa [I03BOJISIE TPOBOIUTY OE3MIOMUJIKOBE BUSIBJIEHHS Ta Kiacudikariio medekris 3a Tunom. O1jiHKa rInouHN
3aJISITaHHS Ta PO3KPUBY Je(eKTiB i3 BUKOPUCTAaHHSIM PO3P00JI€HOI CUCTEMU BifJOYBAETHCS 3 MAKCUMAJIbHOIO
noxu6komo +3,19 % Ta 3,50 % BignosigHo. JJoBeEHO, 110 po3pobiieHa CUCTeMa Mae MiJBUILEeHY JOCTOBIPHICTb
KOHTPOJIIO Ta TOYHICTb AedeKToMeTpii y NOpiBHIHHI 3 TPaAULiTHUMU aJITOPUTMAMU HaBiTh B yMOBax
HepiBHOMipHOro HarpiBy. Ha oCcHOBIi pe3ysbTaTiB fOCHiIKeHb CHOPMYJIbOBAHO PeKOMEHTALLI] 1110710 METOIVKU

KOHTPOJIIO i3 BUKOPUCTAHHSM pO3p00JIeHOi aBTOMAaTU30BaHOI CUCTEMU.

2. The thesis describes that in the present stage of methods of thermal non-destructive testing development
important task is not only to identify and determine the coordinates and transverse dimensions of defects, but also
to measure their depth and thickness. The factors that influence on results of thermal testing are analyzed and the
nature of relationship between informative parameters is described. Traditional mathematical and statistical
methods of thermal defectometry are considered and their disadvantages are established. In addition, considered
traditional methods of thermogram processing do not allow the automatic classification of defects by type and to
determine their thickness. The thesis describes the possibilities of using artificial neural networks for
improvement of defect characterization methods. Features of construction the neural network systems for solving
tasks of defects classification and their depth and thickness determination are considered. The performance of
neural networks and traditional methods of thermogram processing are compared. Advantages of neural networks
over traditional algorithms are shown. It is shown that in known literature the tasks of simultaneous defects
classification by type and determination of their depth and thickness are not solved; the methods of determining
defects depth or their thickness by solving the regression task using neural networks or traditional methods have



not been investigated; the task of constructing thermal tomograms of object of testing internal structure is not
solved. Research aim in the form of development of a neural network automated system of thermal fields complex
analysis, which will have higher efficiency in comparison with systems based on traditional methods of
thermogram processing is formed in this thesis. In order to improve the methods of thermal defectoscopy and
defectometry and automate data processing, a subsystem of digital thermogram processing consisting of three
neural network modules has been substantiated and developed in the thesis. Possibility of using feedforward
backpropagation multilayer neural networks with fully-connected layers in defects detection and classification
module and modules of determining defects depth and thickness is described. Algorithms of formation of training
datasets for tasks of defects classification and determination of their depth and thickness are formed. The
procedure of neural network modules training is described and the corresponding software is developed in
MATLAB. Software implementation of virtual devices, which embodies algorithms of neural network modules and
results post-processing is implemented in NI LabVIEW software. A graphical user interface for an automated
thermal field analysis system has been created. That includes controls, defectometry tools and blocks for
graphically displaying information about defects location and the internal structure of object of testing. The
computer simulation of the process of active thermal testing of a multilayer carbon fiber specimen with artificial
internal defects is carried out. According to results of efficiency evaluation of obtained thermogram sequences
processing by different methods, it is established that the developed neural network system provides the highest
indicators of quality of defect classification and defectometry accuracy among considered methods. The influence
of neural network architecture on performance of neural network modules of developed system in case of
computer simulation data is investigated. Experimental researches have shown that developed system allows to
carry out error-free detection and classification of defects by type. Estimation of defects depth and thickness
using developed system was conducted with the maximum error of + 3.19 % and 3.50 % respectively. It is proved
that developed system has higher reliability of testing and accuracy of defectometry in comparison with traditional
algorithms even in conditions of uneven heating. Based on the results of research, recommendations on
methodology of testing using developed automated system are formulated.
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