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Pedepar:

1. Y puceprauiiiziil pob0Ti OIMCaHO OCOOJIMBOCTI Ta MPOOJIEMU TEMJIOBOTO KOHTPOJIIO BUPOOIB i3 6araromapoBux
Marepiazis. [Toka3aHo, 110 Ha Cy4aCHOMY €eTalli PO3BUTKY METOAIB TETJIOBOTO HEPYIHIBHOIO KOHTPOJIIO BaXKJIMBUM
3aBJIAaHHSIM € HE JIMIlle BUSIBJIEHHS Ta BUBHAYEHHS KOOP/VHAT i rorepeyHux po3mipiB medekTiB 6araTomapoBux
Marepiasis, ajie i BUMipIOBaHHSI iX IJIMOMHM 3aJISITaHHS Ta PO3KPUBY. PO3IJIIHYTO TpaAULiiiHi MaTeMaTUYHi Ta

CTaTUCTUYHI METOU TEIJIOBOi AedeKToMeTpii Ta BCTaHOBJIEHO X Henosiku. ONKUCaHo, M0 aHAJITUYHUI PO3B’SI30K



0obepHeHMX 3a7ja4 TeIJIOBOTO KOHTPOJIIO B PsZi BUNAIKiB € HeogHo3HaYHUM. OCO6IMBO HU3BKY e€(EeKTUBHICTh
TpaguLiiiHi MeTonu Ta o6yAOBaHi Ha iX OCHOBI cucTeMHU TeIIOBOi JedeKToMeTpil MaloTh Y BUIIAJKY KOHTPOJIIO
GaraTouapoBUx Martepiaiuis. Y nucepTaliiiHiil poboTi ONMCaHO MOXKJIMBOCTi BUKOPUCTAHHS IITYYHUX HEMPOHHUX
MEPEX IJ1s1 yIOCKOHAJIEHHSI METOLiB BU3HAYEHHS XapaKTEPUCTUK Ae(PEKTiB. PO3risiHyTO 0CO6MBOCTI MOOYI0BU
HellpoMepeKeBUX CHUCTeM [1J1s1 BupimeHHs 3a4a4 Kinacudikanii nedekTiB Ta Bu3HaYeHHS iX IMOMHY 3a/STaHHS i
po3KpuBy. [IpoBesieHO NOPiBHSIHHS €(PEeKTUBHOCTI pOOOTH HEMPOHHUX MEPEX Ta TPanUuLlifHUX METOiB OOpPOOKHU
Tepmorpam. [TokasaHo, 110 y BiLOMiil JIiTepaTypi He BUPIIIYIOThCS 3aBAaHHS OJHOYACHOI Kiacudikanii jedekris 3a
TWIIOM Ta BU3HAYEHHS iX [JIMOVHY 3a/ISITAHHS i PO3KPUBY; HE IOCIIIKEHO CIIOCOOM BU3HAUEHHS IJIMOVHY 3a/ISITaHHS
IedekTiB abo ix po3KpUBY LUIJISIXOM BUPIlIeHHs 3a7iadi perpecii 3a JOIIOMOro0 HEMPOHHUX MEPEeX; He BUPILIyEThCS
3aBflaHHs I06YJ0BU TEIJIOBUX 300pa’K€Hb BHYTPIIIHbOI CTPYKTYPU 00’€KTy KOHTpOI10. CHOPMOBAHO METY
IOOCJiIKEHHS y BUIVISI aBTOMATH3allii IPoLeCcy aKTUBHO] TeIJIOBOi AedeKTocKomii Ta gedexrTomeTpii i3
3aCTOCYBaHHSIM HellpoMepeskKeBUX TEXHOJIOTIH, [0 3abe3redyBaTuMe MifBUiieHHS iHpOpMaTUBHOCTI,
IOCTOBIPHOCTI Ta ePeKTUBHOCTI KOHTPOJIIO BUPOOIB i3 6araTomapoBux MarepiasiB. 3 METOI0 yIOCKOHaTIEeHHS
METO/IiB aKTHMBHOI TeIJIOBOi AedeKTocKormii i AedekTomeTpii Ta aBToOMaTH3allii 00pOOKY JaHUX B IHUCepTallii
OOI'PYHTOBAHO Ta PO3pPOOJIEHO HifcUCTEMY LU(PPOBOi 0OPOOKYM TEPMOTrpaM, 0 CKIALAETHCS 3 TPhOX
HellpoMepeskeBUX MoayJliB. OMKMCaHO MOXJIUBICTb BUKOPUCTAHHS 6araTomapoBUX HEHPOHHUX MEPEsK IIPSIMOTO
POBII0BCIOJIKEHHS 31 3BOPOTHUM IOLIMPEHHSM [IOMUJIKU 3 [IOBHO3B'SI3HUMHU NIPOIIAPKAMU Y CKJIaJli MOLLYJIS
BUSBJIEHHS Ta KiacuQikauii fedeKTiB Ta MOAYJiB BU3HAUEHHSI TJIMOVHMY 3aJISITaHHS i PO3KPUBY Ie(EKTIB.
CdopmoBaHo anroputmMu GOPMYBaHHS HaBYaJIbHUX MHOXKWH [17151 3a51a4 kiacudikauii fedexTiB Ta BUBHAYEHHS iX
IJIMOUHM 3aJIsraHHs i po3kpuBy. OnucaHo poLenypy HaB4aHHS HepOMepesKeBUX MOJLYJIiB Ta pO3pO0JIeHO
BiAiTIOBifHE MporpamMHe 3abe3nedyeHHs B cepenonuilli MATLAB. BUKOHaHO nporpamHy peasisalilo BipTyajJbHUX
npusagis B cepenosuii NI LabVIEW, B SIKMX BTiJIEHO aTOPUTMU POOOTU HEMPOMEPEXKEBUX MOZYJIIB Ta MOCT-
00po6Ky pe3ysbrariB. CTBOpeHo rpadiuHuii iHTepdeiic KOpUCTyBaya, SKUH MICTUTh eJleMeHTH KepyBaHHS,
iHCTpYMEHTH [1J1s1 IPOBeeHHs nedeKToMeTpii Ta 6510Ku rpadivyHoro BifodpaxkeHHs iHpopMalii o010 IOI0XKEHHS
Ie(eKTiB Ta BHYTPIlIHbOI CTPYKTYPH 00’€KTy KOHTPOJIIO. Y pOOOTi MPOBEEHO KOMITIOTEPHE MOJIE/IIOBAHHS IIPOLIECY
aKTUBHOTO TEIJIOBOTO KOHTPOJIIO 3pa3Ka i3 6araromapoBOro ByTIJIEIJIaCcTUKY 3i IITYyYHUMU BHYTPIilHIMEU nedeKkTamu.
3a peaysbTaTaMy JOCiIKeHb e(PeKTUBHOCTI 0OPOOKM OTPMMAaHUX I1OCJIiJOBHOCTE! TEPMOTpaM PisHUMHU METOJaMU
BCTaHOBJIEHO, 110 PO3pobsieHa HEMPOMEPEKeBa CUCTEMA 3abe3Iedye HalBUILi IOKa3HUKU IKOCTI Kiacudikarii
Ie@eKTiB Ta TOYHOCTI Ae(eKTOMETPIi cepell PO3IJIIHYTUX METOIB. JJOCiIKEHO BIJIUB apXiTEKTypPU HEMPOHHUX
MepexX Ha pe3ysibTaTh Po60TU HepoMepekeBUX MOAYJIiB pO3p00JI€HOI CUCTeMU Y BUIIATKy 0OPOOKY JaHUX
KOMITIOTEPHOT0 MojietoBaHHS. [IpoBeieHO JOCIIiIKEeHHS BIJIUBY OOCSTY Ta SIKOCTI HaB4asbHOi BUOIPKU Ha
pe3ybTaTu poOOTH HEMPOMEPEKEBUX MOYJIiB. EKCIIepUMEHTaIbHI JOCIIIPKEHHS II0Ka3aJly, o po3pobieHa
crcTeMa J103BOJISIE IPOBOAUTH GE3IIOMUIIKOBE BUSIBJIEHHS Ta Kilacudikaniio nedexris 3a Tunom. OnjiHKa rInbnHu
3aJISITaHHS Ta PO3KPUBY Je(eKTiB i3 BUKOPUCTAaHHSIM PO3p00JIeHOI CUCTEMU BifJOYBAETHCS 3 MAKCUMAJIbHOIO
noxu6koto +3,19 % ta 3,50 % BianosigHo. [loBeeHo, 0 po3pobieHa CUCTEMA Mae MiABUILLIEHY JOCTOBiIpHICTh
KOHTPOJIIO Ta TOYHICTb Je(eKTOMETpii y MOPiBHSIHHI 3 TPaINULIMHAMU AJITOPUTMAaMU HaBiTh B yMOBax
HepiBHOMIpHOTro HarpiBy. Ha oCHOBI pe3ysbTariB focaimKkeHb cHOPMYIbOBAHO PEKOMEHTALLI] 11070 METOIVKU

KOHTPOJIIO i3 BUKOPUCTAHHSIM PO3p06JIeHOi aBTOMATU30BaHOI 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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