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B nuceprariii Briepiie orpuMaHi Taki HOB1 HAyKOBI Pe3yJIbTaTH:

1. 3anpornoHOBaHO  METOJ  aBTOMATH30BaHOI  OOpPOOKM  MOCIIIIOBHOCTI
TepMOrpaM, OTPHUMAaHMX Yy pe3yJabTaTi aKTUBHOTO TEIUIOBOTO  KOHTPOJIO
OaraTolapoBUX MaTtepiaiiB, SIKHH BUKOPHUCTOBYE HEHPOMEPEKEB1 TEXHOJOTIT AJis
aHaJi3y TeMmrepaTypHUX MpoQUIIB y KOXHIN ToUIll 00 €KTy Ta JI03BOJISIE OJTHOYACHO
MPOBOAMUTH KiIacu]ikaliio 3HaleHUX 1e(eKTiB, BUMIPIOBATH iX TIIMOUHY 3aIAraHHS
Ta PO3KPUB.

2. HaOyB nojaiabpIioro po3BUTKY METOJ CHUHTE3y HEHPOHHOI Mepexi MpsSMOro
PO3MOBCIO/IKEHHS 31 3BOPOTHUM IMOIIUPEHHSIM MMOMUIIKH, SIKUH BPaXOBY€E 3aJI€KHOCTI
JOCTOBIPHOCTI KOHTPOJIIO Ta TOYHOCTI Je(heKTOMETPIi BiJl apXITEeKTypHU Ta aJITOPUTMIB
HAaBYaHHA HEWPOHHOI Mepexi, M0 JO3BOJWIO OOIPYHTYBaTM BHUOIP KUIBKOCTI
MPUXOBAHMX MPOIIAPKIB HEHPOHHOT MEPEXKI, KITLKOCTI HEHPOHIB y WX MPOIIapKax Ta
ONTUMAJIFHOTO 32 TIOKa3HUKOM CEPEIHBOKBAIPATHYHOI MMOMIIIKH MEPEXKi alrOpPUTMY
HaBYaHHS.

3. YnockonaneHo meton (GOpMyBaHHS HaBUYaJIBLHOTO HAOOpY [aHUX, SKUH
BpPaxoOBY€ 3aJ€KHOCTI JOCTOBIPHOCTI Kiacudikaiii aeekTiB y OaraTomapoBux
Marepianax, MmoXuOOK BUSHAUCHHS iX TJIMOWHM 3aJIiTaHHS 1 PO3KPUBY BiJ] TapaMeTpiB
BUOIPKY HABYAJIbHUX CUTHAIB, IO I03BOJIMJIO MiHIMI3YBaTH 4ac HaBYaHHS HEUPOHHOI
Mepexi 0e3 MOTipIIeHHs JOCTOBIPHOCTI aBTOMATU30BaHOI Kiacuikailii 1edekTiB Ta

TOYHOCTI AedeKTOMEeTPii.



[IpakTr4HE 3HAYEHHS OJICPYKAHUX B IUCEPTALHINA pOOOTI pe3yJIbTATIB MOJISATAE
B TOMY, 110 OYyJIO PO3POOJICHO aNTOpPUTMIYHE 1 TporpamMHe 3a0e3MedeHHs peaizarii
M1JCUCTEMU BU3HAUCHHS XapaKTEPUCTUK N1e(eKTiB 3a pesynbratamu aktuBHoro THK
13 BUKOPUCTAHHSIM BJOCKOHAJEHOTO METOAY Ha 0a3l HeHpoMepeKeBUX TEXHOJIOTIH,
10 JO03BOJWJIO aBTOMAaTWM3yBaTW KiacH(ikaliio 1e(eKTiB 1 MoOyJoBYy TEIIOBUX
TOMOTI'PaM, MIJBUIIUTH TOYHICTh TEIUIOBOI 1€(eKTOMETPIi 1 IOCTOBIPHICTH KOHTPOJIIO
y TIOpiBHSHHI 3 ICHYHOYMMH MeTojamMHu. Po3poOiieHo BipTyanbHuUM 1HTEpderc
KOpHCTYBaya, IKMU MICTUTh IHCTPYMEHTH JJI TPOBEACHHS 1e(PeKTOMETpil Ta aHATI3Y
TEIUIOBUX TOMOTpaMm, 110 Jaj0 3MOTy TOKPAIIUTH €PEeKTUBHICTh aHaAJI3y pe3yJIbTaTiB
KOHTpOI0. J1J1s1 po3p00I€HOT CUCTEMU EKCIIEPUMEHTAIBHO BU3HAUEHO apXITEKTypy Ta
napamMeTpy HaBYaHHS HEUPOMEPEXK, 3a SKUX JIOCATAETHCS HAWBHILA JIOCTOBIPHICTH
kiacudikauii 1eQeKTiB Ta TOUYHICTh BUMIPIOBAHHS iX XapakTepucTuk. Po3polieHo ta
BUTOTOBJICHO EKCIIEPUMEHTAIBHUI CTEHJI Ta JOCHIHI 3pa3Kd JUIs IPOBEICHHS
aAKTMBHOTO TEIUIOBOTO KOHTPOJIO 1 aHai3y pe3yJbTaTiB 13 BUKOPUCTAHHSIM
YAOCKOHAJIEHOTO METO/1y BU3HAUEHHS XapaKTEPUCTUK Ae(PEKTIB HA OCHOBI HEUPOHHUX
MEpeK, IO JAO3BOJIAJIO BIAMPAIIOBATA MPOTPAMHI aNTOPUTMHU Ta MIATBEPAUTH
e(EeKTUBHICTb JAHOTO METOTY.

VY nmumcepraniiiHii poOOTI OmMcaHO OCOOJHMBOCTI Ta MPOOJIEMH TEIJIOBOTO
KOHTPOJII0 BUpOOIB 13 baratomapoBux matepiaii. [lokazaHo, 1110 Ha cCy4acHOMY eTarti
PO3BUTKY METOJIB TEIJIOBOTO HEPYHHIBHOTO KOHTPOJIO BaXIJIMBUM 3aBIAHHIM € HE
JUIIE BUSBIICHHS Ta BU3HAYEHHS KOOPAWHAT 1 TOMEPEYHUX PO3MIpIB AeheKTiB
OararonrapoBUX MaTepiaiiB, aje 1 BUMIPIOBAHHS iX MIMOWHU 3aJISITAHHS Ta PO3KPUBY.
[IpoBeneno anamni3 GpakTopis, K BIUIMBAIOTH HA PE3YyIbTATH TEIIOBOTO KOHTPOJIIO Ta
OTHCAHO XapaKTep B3a€MO3B’S3KiB MK 1HPOPMATUBHUMU TTapameTpamu. Po3risHyTo
TpaauliifHI MaTeMaTU4YHl Ta CTaTUCTUYHI METOJM TEIUIoBOi AedeKToMeTpii Ta
BCTAHOBJIEHO iX Heaodiku. OmucaHo, 1Mo aHATITUYHUN PO3B’SI30K OOEpHEHUX 3ajad
TEIJIOBOTO KOHTPOJIIO B Pl BUMNAIKIB € HEOJHO3HAUHMM. OCOOJMBO HU3BKY
e(eKTUBHICTh TPAJAMININHI METOMM Ta MOOYAOBaHI Ha X OCHOBI CHCTEMHU TEIJIOBOI
nedeKToMeTpii MatOTh Y BUIAJIKY KOHTPOJIIO 0araTomapoBUX MaTepiaiB.

B po6oTi mpoBeieHO MNOPIBHSJIBHUM aHaNi3 CTaHAAPTHUX Ta CIHEIiadbHUX

MeToaiB 1udpoBoi 00poOku Tepmorpam. Posrisayro metonu Dyp’e-anamiy,



BEUBJIET-aHATI3Y, aHATI3Y TOJJOBHUX KOMITOHEHT Ta JUHAMIYHOI TeTJIOBOI ToMOTpadii.
[TokazaHo, m0 AaHi METOIM MAalOTh HHU3BKY 3aBaJOCTIHKICTb, CHJIbHY 3aJICKHICTD
pe3yJIbTaTiB BiJ BUOOPY OMOPHOI TOUKH Ta PIBHOMIPHOCTI HarpiBy 00’ €KTY KOHTPOJIIO.
OkpiM TOTO, PO3IJISHYTI TPAIUIIMHI METOIU OOpPOOKH TepMOrpaM HE J03BOJSIOTh
MPOBOAMTH ABTOMATUYHY Ki1acu(ikallito 1eeKTiB 32 TUIIOM Ta BU3HAYATH iX PO3KPHUB.

VY nuceprariiiHiii poOOTI ONMHCAHO MOMKJIMBOCTI BHKOPUCTAHHS IITYYHHX
HEUPOHHUX MEpEeX [JIsl YAOCKOHAJIEHHS METOJIB BU3HAUYEHHSI XapaKTePUCTUK
nedekTiB. Po3rmsHyTo 0COOIMBOCTI MOOYJOBH HEHMPOMEPEKEBUX CHCTEM IS
BUpIIICHHS 3aja4 Kjacudikarii qedeKkTiB Ta BU3HAYCHHS iX TJIMOUHM 3aJIATaHHS 1
po3kpuBy. [IpoBeneHo mMOpiBHSHHS €(HEKTHBHOCTI POOOTH HEUPOHHUX MEPEX Ta
TpagUIIMHUX METO/IIB 00poOKH TepMmorpaM. [lokazaHo mepeBaru HEMPOHHUX MEPEK
HaJ TPAJAULIHHAMHU aITOPUTMAMH.

PosrnsiHyTo HalOUIBII EPCIIEKTUBHI 00JIaCTi 3aCTOCYBAaHHS HEMPOMEPEKEBUX
CHUCTEM aHali3y pe3yJbTaTiB aKTUBHOIO TEIUIOBOTO HEPYWHIBHOIO KOHTPOJIIO.
[TpoBeneHo aHai3 iCHYIOUHX POOIT 32 HAMPSIMOM TETUIOBOTO KOHTPOJIFO KOMITO3HTIB.
[Tokazano, mo y BigoOMii diTeparypli HE BHUPINIYIOTHCSA 3aBIaHHS OJHOYACHOI
kjacu@ikaii AeeKTiB 32 TUIIOM Ta BU3HAYEHHS iX MIMOMHM 3aJIATaHHS 1 PO3KPUBY;
HE JIOCTIIPKEHO CIIocoOU BU3HAUYCHHS TJIMOWHU 3aisiraHHs AeeKTiB a00 X PO3KPUBY
HUIIXOM BHUpPIIIEHHS 3a/ladl perpecii 3a JOMOMOIOI0 HEHUPOHHUX MEPEX; He
BUPILIY€EThCS 3aBJaHHS NMOOYAOBH TEIUIOBUX 300paXeHb BHYTPIIIHBOI CTPYKTYpH
00’exty kKoHTposto. ChopmMoBaHO METy MOCTIIKEHHS y BUIJISI aBTOMaTH3aIlii
npolecy aKTHBHOI TeruioBoi JedexkTockomii Ta AedeKTOMETpii 13 3aCTOCYBaHHAM
HEWPOMEPEIKEBUX TEXHOJIOTIH, 10 3a0e3MeuyBaTUME ITiIBUIIICHHS 1HHOPMATUBHOCTI,
JIOCTOBIPHOCTI Ta €(pEKTUBHOCTI KOHTPOJIIO BUPOOIB 13 OaraTomapoBuX MaTepiaiBb.

3 MeTol YAOCKOHAJIEHHS METOJIB aKTHUBHOI TemIoBOoi aedekTtockomii 1
nedexkToMeTpli Ta aBTOMaTH3alii OOpOOKM JaHUX B JucepTallii oOIpyHTOBAHO Ta
po3pobIIeHO migcucTeMy ITU(POBOI 0OPOOKH TepMorpam, IO CKIATAETHCS 3 TPhOX
HeHpoMepexeBux MoayiiB. OnmucaHO MOKJIMBICTh BHUKOPHUCTAHHs 0araToIIapoBUX
HEHPOHHUX MEpEX MPSIMOTO PO3MOBCIOKEHHS 31 3BOPOTHUM TMOMIMPEHHSIM MTOMUIIKU
3 TMOBHO3B’SI3HMMM MpOIIapKaMU y CKJIaJl MOJIYJsl BUSBICHHS Ta Kiacudikaiii

nedeKTIB Ta MOIYJTiB BUSHAYCHHSI TTIMOWHY 3aJISITAHHS 1 PO3KPUBY Je(DEKTIB.



CdopmoBano anroput™Mu (HOpMyBaHHS HaBYAIBHUX MHOXKHUH JJIs 3aja4
kinacudikarii qedeKTiB Ta BUSHAUCHHS iX TTUOMHU 3ajsTaHHs 1 po3kpuBy. OnucaHo
NpoUeaypy HaBYaHHA HEHPOMEpPEkKEBUX MOMAYIIB Ta pO3POOJICHO BIAMOBIIHE
nporpamHe 3a0e3nedyeHHs B cepenoBuili MATLAB. Buxonano mnporpaMHy
peamizamnio BipryansHux npmianiB B cepefosumni NI LabVIEW, B sxux BTuIeHO
QITOPUTMU POOOTH HEUPOMEPEKEBUX MOJYJIIB Ta IOCT-00pOOKH pe3yJIbTaTiB.
CrtBopeHo rpadiunuii iHTepdelic KopucTyBaya, SIKUM MICTUTh €JIEMEHTH KepyBaHHS,
IHCTPYMEHTH AJIsl pOBeeHHs JeekToMeTpii Ta O6JI0KK rpadiuHOro Big0oOpakeHHs
iHpopMarii 100 TOJOXKEHHS AehEeKTIB Ta BHYTPIIIHBOI CTPYKTYpH 00’ €KTY
KOHTPOJTIO.

Ha ocHOBI mpoBeAeHOTO KOMIT IOTEPHOTO MOJICTIOBAHHS MPOIECY AKTUBHOTO
TEIMJIOBOTO0 KOHTPOJIIO aJIFOMIHI€BOT IUIACTUHH 31 IITYYHUMH BHYTPIIIHIMU AedEKTaMU
OTpPUMAaHO MOCIIAOBHOCTI TepMorpaM. BcTaHOBIIEHO, 110 BHACIIIOK BIUIUBY BUCOKOTO
piBHS TeruioBoi Judy3ii Ta HEPIBHOMIPHOCTI Harpiey o0OpoOKa OTpUMaHMX
MOCIIJJOBHOCTEH TepMorpaM TpPaAUIIMHUMHM METOJaMH € YCKIAJHEHOI Ta
MajmoeeKkTUBHOW. B  pesynbpTaTi IOCHIKEHb JOBEICHO, M0 po3pobieHa
aBTOMATH30BaHa HEMpPOMEpEKeBa CHCTEMa Ma€ TOKpaIlleHI SKICHI Ta KUIbKICHI
MOKa3HUKU €(DEKTUBHOCTI y MOPIBHSAHHI 3 TPATUIIHHUMHA METOJaMHU.

Y po6oTi MNpOBEICHO KOMIT'IOTEPHE MOJCIIOBAHHS MPOLECY AaKTUBHOTO
TEMJIOBOTO KOHTPOJIO 3pa3ka 13 0araromapoBOro BYIJIEIUIACTUKY 31 IITYYHUMH
BHYTpIIIHIMU nedekTamMu. 3a pe3yibTaTaMHu JOCHIKEHb €(PEKTUBHOCTI OOpPOOKH
OTPMMAHMX [MOCIIIOBHOCTEH TepMOrpaM pI3HUMH METOJIaMHU BCTAaHOBJIEHO, WIO
po3po0ieHa HeWpoMmepekeBa cHucTeMa 3a0e3nedye HaWBHINI TMOKAa3HUKUA SKOCTI
knacudikaiii 1eexTiB Ta TOUHOCTI AePEKTOMETPIl Cepel PO3TIITHYTUX METO/IIB.

JlocniKeHO BIUIMB apXITEKTypH HEHPOHHHUX MEpPEX Ha pe3yJbTaTh poOOTH
HEWPOMEPEIKEBUX MOJYJIB PO3POOICHOI CUCTEMH Y BHUMNAAKY OOpOOKM TaHUX
KOMIT FOTEPHOTO MO/IeTtoBaHHsl. JloCIiIKEeHHsI TOKa3ajIu, 1[0 HaHO1IbIIT ONTUMAIEHUM
€ BUKOPHUCTAHHS JBOX MPUXOBAHUX MPOIIApPKIB 3 12 HelipoHamu B meprioMmy Ta 4
HEWpPOHAMH B JPYyromy Tmpoliapkax. BcTaHoBieHO, M0 13 JOCTYIHUX aJTOPUTMIB
HaBYAHHS HAWOIIbII e(PEKTUBHUM 3a MOKA3HUKOM CEPEAHBOKBAIPATHYHOT TOMUIIKA

Mepexi € ontuMmizatop JleBenOepra-Mapkapa.



[IpoBeneHo MOCHIIKEHHSI BIUIMBY OOCSTY Ta SIKOCTI HaBYaJIbHOI BHUOIPKH Ha
pe3yabTaTH poOOTH HEUPOMEPEIKEBUX MOMYIIB. BCTaHOBICHO KITBKICHI 3HAYCHHS
MOTIPIICHHS TMOKa3HUKIB €()EeKTHUBHOCTI pOOOTH CHUCTEMHU. Y BHUMAJAKY 3MEHIICHHS
KUIBKOCTI HAaBYAJIbHUX 3pa3KiB B YOTUPH paszu, Ha 7,55 % 3HUKYETbCS 3HAUYCHHS
kputepito Tanimoro Ta Ha 14,74 % 3poctae BilHOCHA MOXMOKa BUSHAYCHHS TTIMOMHU
3anaraHHsa AedektiB. BoaHowac, B 4YOTHMpHM pa3u 3MEHIIYEThCS 4Yac HaBYAHHS.
AHaJIOT14YH1 pe3yJIbTaTH OTPUMAHO 1 JIJIl BUIIAJKY 3MEHIIEHHS PENpe3eHTaTUBHOCTI
BUOIPKHU.

Po3po6eHo Ta BUTOTOBIEHO 2 TECTOBUX Ta 5 HAaBUYAJIBHHUX 3pa3KiB y BUTJISAL
IUIACTUH 13 OaraTomapoBUX KOMIO3MIIMHUX MaTepiaiiB, sKI MICTSITh IITYYHI
BHYTpIIIHI JeeKTH 3 BIJOMHUMH IapaMeTpaMu. 3pa3Kd BUKOPHUCTOBYBAIMCH IS
IPOBEJICHHSI €KCIEPUMEHTAIbHUX JIOCHIIKEHb €(EeKTUBHOCTI pOOOTH PO3pO0JIeHOI
aBTOMATHU30BaHOI cHCTeMHU. J[Js MpOBEACHHS EKCIIEPUMEHTIB OyJI0 BUTOTOBJIEHO
CTEH/I JJI MPOBEJEHHS aKTUBHOTO TEIJIOBOTO KOHTPOJIIO 32 CXEMOIO 3 JIBOCTOPOHHIM
JIOCTYTIOM J10 00’ €KTY.

3a pe3ynbTaTaMH EKCIEPUMEHTAIBHUX JIOCIIPKEHb BCTAHOBJIEHO, IO B
pealbHUX yMOBaxX apXITeKTypa HEMPOHHUX MEpEX BIJMOBIIHUX MOJIYJIB Ma€ OyTH
yCKJIaHEeHa 10 35 HEWpOoHIB B mepmiomMy Ta 15 HEWpOHIB B APYroMy MPUXOBAHOMY
npoiapkax. JlocnipkeHHs moKas3aiu, 1110 po3po0sieHa CUCTeMa J103BOJISE€ MPOBOAUTH
0e3MOMUIIKOBE BUABJICHHS Ta Kiacudikauiro aedekrtiB 3a TUnoM. OLiHKa TITUOUHU
3alAraHHsA Ta PO3KpUBY JACPEKTIB 13 BUKOPUCTAHHSAM pPO3pOOJEHOT CHUCTEMH
B110YBa€ThCS 3 MAaKCUMaJIbHOIO ToXuOkoro +3,19 % Ta 3,50 % BianoigHo. loBeneHo,
o po3pobJieHa CcHCTeMa Ma€ TMIABUIINEHY JOCTOBIPHICTh KOHTPOJIO Ta TOYHICTH
nedekToMeTpii y TMOPIBHAHHI 3 TPATUIIAHUMHU QITOPUTMAMHU HaBITh B yMOBax
HepiBHOMIpHOro HarpiBy. Ha oOCHOB1 pe3yibTaTiB JOCHIIXEHb C(HOPMYIHOBAHO
pEeKOMEHJAIlli IMI0A0 METOJUKH KOHTPOIK 13 BHUKOPUCTAHHAM PO3pOOJICHOT
ABTOMATU30BAHOI CUCTEMHU.

KirouoBi cjioBa: HepylHIBHMI KOHTpPOJIb, TEIUIOBUH KOHTPOJb, TEIJIOBA
nepeKToMeTpis, TeruioBa ToMorpadis, TEIUIOBE IoJie, KOMIO3UIIIHI MaTepiajH,
HEUpOHHI  Mepexi, HeHWpomepekeBUM  KiacudikaTop, Mepexa  MOpsMOTO

PO3MOBCIOIKCHHA, 3BOPOTHC ITOIIUPCHHA ITOMUJIKW, MAIIIMHHC HABYAHH:.



SUMMARY

Momot A. Improvement of the method for defining defects characteristics of
multilayered materials by active thermal testing. — Qualifying scientific work, the
manuscript.

Thesis for a PhD degree in specialty 151 "Automation and Computer-Integrated
Technologies". — National Technical University of Ukraine "Igor Sikorsky Kyiv
Polytechnic Institute", Kyiv, 2020.

In the dissertation the following new scientific results were first received:

1. The method of automated processing of thermograms sequences in active
thermal testing of multilayer materials is proposed, which uses neural networks to
analyze the temperature profiles at each point of the object and allows to
simultaneously classify the founded defects, measure their depth and thickness.

2. The method of feedforward backpropagation neural network synthesis, which
takes into account dependencies of reliability of testing and accuracy of defectometry
on architecture and algorithms neural network training, has been further developed.
This made it possible to justify the choice of the number of hidden layers of the neural
network, the number of neurons in these layers, and the optimal by mean squared error
indicator training algorithm.

3. The method of forming a training dataset has been developed, which takes
into account dependencies of defect classification reliability in multilayered materials,
errors of determining their depth and thickness from the parameters of the training
signals sampling, which allowed to minimize learning time of neural network without
impairing the reliability of automated defects classification.

The significance of practical thesis results are that the algorithmic and software
implementation of defect characterization subsystem based on the results of active
thermal nondestructive testing were developed using an improved neural network-
based method, which made it possible to automate the classification of defects and
construct thermal tomograms. and increase the reliability of testing compared to

existing methods. A virtual user interface has been developed that includes tools for



defectometry and thermal tomography analysis, which made it possible to improve the
efficiency of analysis of control results. For the developed subsystem, the architecture
and parameters of neural networks training were experimentally determined, at which
the highest accuracy of defect classification and precision of measuring their
characteristics were achieved. An experimental stand and prototypes for active thermal
testing and analysis of its results were developed and manufactured using an improved
neural network method, which allowed to work out software algorithms and confirm
the effectiveness of this advanced method of defect characterization.

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. It has been described that the analytical solution of
inverse thermal testing tasks is ambiguous in some cases. Particularly low efficiency
traditional methods and thermal defectometry systems based on them have in the case
of multilayer materials testing.

The comparative analysis of standard and special digital processing of
thermograms methods is carried out in the work. The methods of Fourier analysis,
wavelet analysis, principal component analysis and dynamic thermal tomography are
considered. As have been shown, these methods have low noise immunity, a strong
dependence of results on the choice of anchor point and a uniform heating of the object
of testing. 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.



The most promising areas of application of neural network systems of analysis
of active thermal non-destructive testing results are considered. Features and problems
of thermal testing of products made of multilayer composite materials are described.
Analysis of existing works in the field of thermal defectometry of composites, in
particular, using neural networks, is done in this thesis. 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.

Based on computer simulations of the process of active thermal testing of an
aluminum plate with artificial internal defects, thermogram sequences were obtained.

It is established that due to influence of high level of thermal diffusion and uneven



heating, processing of the obtained thermogram sequences by traditional methods is
complicated and ineffective. As a result of research, it is proved that the developed
automated neural network system has improved qualitative and quantitative indicators
of efficiency in comparison with traditional methods.

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.
Studies have shown that the most optimal use is two hidden layers with 12 neurons in
the first and 4 neurons in the second layer. It is established that the Levenberg-Markard
optimizer is the most effective of the available learning algorithms in terms of networks
mean squared error.

The influence of volume and quality of the training dataset on the results of
neural network modules work has been investigated. Quantitative values of
deterioration of system performance indicators were established. If the number of
training samples is reduced by four times, the value of Tanimoto criterion is reduced
by 7.55 % and relative error of defects depth estimation is increased by 14.74 %. At
the same time, training time is reduced four times. Similar results were obtained for the
case of a decrease in dataset representativeness.

During the work, 2 test and 5 training specimens in form of multilayer composite
plates containing artificial defects with known parameters were developed and
manufactured. The samples were used for experimental researches of developed
automated system performance. An appropriate stand was made for the experiments to
conduct active thermal testing using double-access testing scheme.

According to the results of experimental researches, it was found that in real-
world conditions, the architecture of neural networks of respective modules should be

complicated up to 35 neurons in the first and 15 neurons in the second hidden layers.



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.

Keywords: nondestructive testing, thermal testing, thermal defectometry,
thermal tomography, thermal field, composite materials, neural networks, neural

network classifier, feedforward network, backpropagation of error, machine learning.
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AKOCMI HABYANLHOI BUOIPKU HA pe3yibmamu pooomu 8i0N08IOHUX MepediC.
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