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Pedepar:

1. Inceprarist npucCBsYeHa AOCHIIKEHHIO aKTyaJIbHOI HAyKOBO-TEXHIYHOi IIPO6GIEeMY BUMIPIOBAHHS [1apaMeTpiB
TEIJIOBOTO CTaHY B 30HI Pi3aHHs IIPU 30BHIIIHbOMY TOYiHHI i3 3aCTOCyBaHHAM iH(pOpMallifiHO-BUMipIOBaIbHOI
CHACTEMHU TEIJIOBi3iHOrO KOHTPOJIIO. [I71s1 BOCSITHEHHS Liiel MeTU B POOOTI IIPOAHAIiI30BaHO OCHOBHI 3aKOHOMIPHOCTI
TEIJIOyTBOPEHHS TA TEIJIOOOMiHY ITpoLieCy pi3aHHs, IPOBEAEHO MOPIBHAIBHUI aHAI3 iCHYI0UMX METO/IB Ta 3aCO0iB
BMMipIOBaHHSI TeMIIEPATypH, IPUIATHUX [JIs 32CTOCYBaHHSI [1py 06po61Li pizaHHSIM. Bu3HaueHO METOIUKU
OL[iHIOBAHHSI METPOJIOTIYHUX XapaKTEPUCTUK TEIJIOBi3iIMHUX CUCTEM, SIKi MiCTSATh: BU3BHAYEHHS [IPOCTOPOBOI Ta
TeMIIEPATyPHOI PO3LilbHOI 30AaTHOCTI (TEMJIOBOI YyTIMBOCTI), 3 YyPaXyBaHHSIM XapaKT€PUCTUK I10JIS 30PY
TeIIOBi3ifHOI Kamepu. [I71s MifBUILIEeHHS TOYHOCTI Ta JOCTOBIPHOCTI OTPMMAaHUX Pe3yJIbTaTiB BUMipIOBaHb, OYJI0
OlliHEHO BILJIMB KyTa Jernpecii Ha BiOUTKU NPOEKIIiil BEpTUKAJIbHUX Ta TOPU3OHTAJIBHUX CKJIAJIOBUX I10JIS1 30PY 3
ypaxyBaHHSM BUIIPOMiHIOBJIBHOI 30aTHOCTI 06pO6/II0BaHMX MaTepiasiB. 3alIpOIIOHOBAHO AJITOPUTM JJIs1
pO3Mi3HaBaHHS Ta aBTOMAaTU4YHOI 0OPOOKM TepMOTpam 3 BUKOPUCTAHHSIM 3rOPTKOBO] IITY4YHOI HEMPOHHOI MEPEXXi Ha

6a3si apxitektypu U-Net. [ly1s1 3a6e3reyeHHs SKiCHOro HaBYaHHs OyB BUKOPUCTaHUI aJIrOPUTM HaBYaHHS 3



«Buntenem», a 1151 popMyBaHHS SIKiCHOI HaB4aJIbHOI BUGIPKU — 6yJI0 pO3p06sIeHO TiOpUAHMIL anropuTMm GiHapu3aii
TepMOrpam 3 METOI0 CTBOPEHHSI MAaCOK [1JIs1 BUZJIEHHS 30H Pi3aHHs. 3a JonoMorolo iHdepeHcy peasizoBaHO
MOXJIMBICTb OITpPALIOBAHHS iHIINMX TepMOTrpam Ha 6a3i B)ke HaBueHOi Mozesti. Y BCTyIli HaBeJleHO 3arajbHy
XapaKTePUCTUKY pOOOTH, MiAKPECIEHO ii aKTyasIbHICTb, BUBHAYEHO METY Ta 3aBJJaHHS, 00 €KT, IpeIMeT
IVCEPTaLiHOTO JOCJiIPKEHHS, BiJIIOBIIHICTb HAYKOBO-H0CIiAHUM poboTaM. CHOpMyIbOBAaHO HAYKOBY HOBU3HY Ta
[IpaKTUYHe 3HaYeHHs OTPUMAaHUX pe3ysbTaTiB Ta 0COOUCTUI BHECOK aBTopa. B nepiiomMy posfisni 3po6ieHo aHami3
JliTepaTypHUX IPKEPEJ], SIKUH JO3BOJIMB IIPOaHai3yBaTH OCOOIUBOCTI TENJIOO0MiHY y IIPOLEC Pi3aHHS Ta OCHOBHI
3aKOHOMIPHOCTI TeNna0yTBOPEeHHS. PO3I/IsiHyTO iCHyI04i MeTOAM Ta 3aCO6M BUMIPIOBAHHSI TEMIIEPATYPU, 3pOOJIEHO
IIOPiBHSJIbHUI aHAaJi3 METOIB Ta 3aCO0iB BUMIPIOBaHHS TEMIIEPATyPU, IPUAATHUX [1JI 3aCTOCYBaHHS IIpU 06pOO1i
pizaHHsaM. BusHayeHo repeBaru 3aCTOCyBaHHS METOZY TEIUJIOBi3iTHOTO KOHTPOJIIO, SIKMI A€ 3MOT'Y He BILJIMBAaTH Ha
[IPOLIEC Pi3aHHs Ta HABKOJIMIIHE CEPELIOBUIIE, SIKUH He IOTPeOye 3MiHM KOHCTPYKLil iIHCTPYMEHTY Ta 3aTOTOBKH,
MiAXOOUTS SIK 1711 MUTTEBOTO BU3HAYEHHS TEMIIEPATYPU TaK i [JI1 MOHITOPMHIY B peasibHOMY 4aci. [ligkpecaeHno
BKJIMBICTh BPAXyBaHHS METPOJIOTIYHUX XapaKTEPUCTUK 3aCTOCYBAHHS TEIJIOBI30PiB y BUMIPIOBAJIBHUX 3a/1a4ax Ta
CKJIa[IHOILi, 5IKi BUHMKAIOTb y IIPOLIECi 300py Ta aHasizy JaHux. B gpyromy po3zii ns nigBuILeHHs
iH(OPMATUBHOCTI Ta JOCTOBIPHOCTI Pe3yJIbTATiB TEIJIOBi3iIHOIO CIIOCTEPEKEHHS OYJI0 BU3HAYEHO MiAXiA 0o
MO/IEJIIOBAHHS TEIJIOBOTO CTAHy 30HU Pi3aHHS HAa OCHOBI PiBHSIHHS TEIJIONPOBINHOCTI 3 ypaXyBaHHAM MIOYaTKOBUX
Ta KpPaloOBMX YMOB. 3aIIPOIIOHOBAHO CIPOIIEHY MaTEMATUYHY MOJIEJIb 17151 BepudiKallii eKcriepuMeHTaIbHUX
TEeMIIEPATyp OTPMMAaHMAX METOJIOM TEIJIOBi3iTHOrO KOHTPOJIIO. BU3BHaY€HO METOAMKY OLiHIOBAHHS METPOJIOTIYHUX
XapaKTEePUCTHUK TEIJIOBI3IMHUX CUCTEM, SIKi MICTATh BUSHAYEHHS IIPOCTOPOBOI PO31iIbHOI 34aTHOCTI Ta TEIJIOBOI
YYTJIMBOCTI, 3 ypaxyBaHHSIM XapaKTEPUCTHUK I0JI5 30Py TEIJIOBI3iMHOI KamepHy. 3alIPONIOHOBAHO 3aJIEXKHICTD [AJIs1
OLIiHIOBaHHS CTaHJAPTHOI HEBU3HAYEHOCTI 3MiHM TemniepaTypu 3a yacom T(t) AJist pe3yibTaTiB BUMipIOBaHHS,
OTPMMAaHMX 3 TEIUIOBI3IHUX BileOKaMep Yepe3 CTaHAPTHE BilXUJIEHHS 3aJIMLIKIB allpOKCMMOBaHOI Mofiei. B
TPeThOMY PO3iJi 6yJI0 IpoaHasi30BaHO Ta 06PAHO JEKilbKa aJIrOPpUTMIB 6iHapu3alii 111 KoMbiHallii 3 MeTOI0
po3po6Ku riopunHoro merony 6iHapusatii. CopMoBaHa Ta po3ropHyTa apXiTeKTypa 3ropTKOBOI HEIIPOHHOI MepesKi
3 BUKOpUCTaHHSIM (ppeiimBopKiB TensorFlow Ta Keras, mo gano 3amory peasnisyBaTtu apxitekTypy U-Net, sKxa €
OJHOIO 3 TIEPENOBUX Y PO3IIi3HABAHHSA KaIPiB 3 HETUIIOBOIO CTPYKTYPOIO Ta MOLIYKY LiKaBUX, AJIS1 JOCiIHUKIB,
00'eKTiB. B ueTBepTOMy p0O37ijli HA OCHOBI IPOBEAEHUX €KCIIEPUMEHTIB i3 3aCTOCYBaHHSM Pi3HUX TEIJIOBi30PiB
Pi3HUX MOJieiell OIIpalbOBAaHO PE3YJIbTATU Ta OLIIHEHO HEBU3HAYEHOCTI BUMIPIOBaHHS TEMIIEPATypyu METOJOM
iH(pauepBoHOI Tepmorpadii 17151 KaMepu MiCTOJETHOTO TUITY Ta Bileokamepu. OIpalboBaHO Pe3yIbTaTh POOOTU
IITYYHOI HEMPOHHOI Mepexi 3 06pO6KOIO Bifleo 3anuciB Tepmorpam 3 Tersosizopy Flir P640 Ta npoBeneHo ix

Bepudikalliio, 3 ypaxyBaHHSIM peajibHUX [TOKAa3HUKIB TEPMOTPaM.

2. The dissertation addresses a pressing scientific and technical problem of measuring thermal state parameters in
the cutting zone during external turning using an information-measurement system for thermal imaging control.
To achieve this objective, the study analyses the fundamental principles of heat generation and heat transfer in the
cutting process and conducts a comparative analysis of existing methods and tools for temperature measurement
applicable to machining processes. Methods for evaluating the metrological characteristics of thermal imaging
systems were defined, which include: determining the spatial and temperature resolution (thermal sensitivity),
taking into account the characteristics of the field-of-view of the thermal imaging camera. To improve the
accuracy and reliability of the measurement results, the impact of the depression angle on the projections of the
vertical and horizontal components of the field of view was assessed, taking into account the emissivity of the
materials being machined. An algorithm for recognising and automatically processing thermograms has been
proposed, utilising a convolutional neural network based on the U-Net architecture. A supervised learning
algorithm was employed to ensure high-quality training, while a hybrid thermogram binarisation algorithm was
developed to create masks for isolating cutting zones and generating a robust training dataset. Inference
capabilities have been implemented to process additional thermograms using the pre-trained model. In the
introduction, a general overview of the work is provided, emphasizing its relevance, defining the aim and
objectives, as well as specifying the object and subject of the dissertation research. The alignment with scientific
research projects is also highlighted. The scientific novelty and practical significance of the obtained results, as



well as the author's personal contribution, are formulated. Chapter One provides a comprehensive review of the
literature, which facilitated the analysis of heat exchange phenomena during cutting processes and the underlying
regularities of heat generation. Various methods and instruments for temperature measurement are considered,
with a comparative evaluation conducted to determine their applicability to cutting processes. Particular attention
is given to the advantages of infrared thermographic techniques, which offer non-contact, non-intrusive
temperature measurement without influencing the cutting operation or its environment. This approach does not
require any modification to the geometry of the cutting tool or the workpiece and is suitable for both
instantaneous temperature determination and continuous real-time thermal monitoring. The analysis highlights
the necessity of accounting for the metrological performance of thermal imaging systems in measurement
applications, as well as the challenges encountered during data acquisition and interpretation. Chapter Two
addresses the enhancement of the informativeness and reliability of infrared thermographic observations by
establishing an approach to modelling the thermal state of the cutting zone based on the heat conduction
equation, incorporating relevant initial and boundary conditions. A simplified mathematical model is proposed to
verify the experimental temperature data obtained via infrared thermography. Methodologies for assessing the
metrological characteristics of thermal imaging systems are defined, including the determination of spatial
resolution and thermal sensitivity, taking into account the characteristics of the camera’s field of view. A
relationship is proposed for estimating the standard uncertainty of temperature variation over time, T(t), based on
the standard deviation of the residuals of the approximated model, for temperature measurements acquired using
infrared video cameras. Chapter Three presents the analysis and selection of several binarisation algorithms for
integration into a hybrid binarisation method. The architecture of a convolutional neural network was developed
and implemented using the TensorFlow and Keras frameworks, enabling the realisation of the U-Net architecture
- one of the state-of-the-art solutions for recognising frames with atypical structures and detecting objects of
research interest. Chapter Four is dedicated to the processing of experimental results obtained using various
models of thermal imaging devices. The measurement uncertainties associated with infrared thermography were
evaluated for both a handheld infrared camera and a thermal video camera. The outputs of the artificial neural
network were analysed through the processing of thermal video recordings acquired from a FLIR P640 camera,
with verification performed based on the actual characteristics observed in the thermograms.
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