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lonobopoovko B.B. Po3pobka iHhOpMaIiiiHO-BUMIPIOBAILHOI  CHCTEMU
TEIUIOBI31ITHOTO KOHTPOJIIO MPOIIECY 30BHIMIHBOTO TOUiHHA. — KBamidikariiiina HaykoBa
npatls Ha IpaBax PyKOIHUCY.

Huceprariist Ha 3100yTTS HAYKOBOTO CTyIeHs TIOKTopa ¢hitocodii B raiy3i 3HaHb
15 — ABromaru3zariis Ta nmpuiago0yIyBaHHS 3a crenianbHicTIO 152 — Metpororis Ta
iH(opMaIliitHO-BUMIpIOBaJIbHA TEeXHiKa». — HarioHaneHuii yHiBepcuteT «Ojechbka
noiTexHikay, Omeca, 2025.

Jluceprailisi NOpUCBAYEHA JOCHIPKEHHIO aKTyaJbHOI HAayKOBO-TEXHIYHOT
npoOJjieMd BHUMIPIOBAHHS IMapaMeTpiB TEIJIOBOTO CTaHy B 30HI pi3aHHA MpH
30BHIIIHBOMY TOYIHHI 13 3aCTOCYBaHHSIM 1H(QOPMAIIITHO-BUMIPIOBAILHOI CHCTEMU
TEIJIOBI31HOTO KOHTPOJt0. [l MOCATHEHHS Ii€i MeTHU B POOOTI MpoaHaIi30BaHO
OCHOBHI 3aKOHOMIPHOCTI TEIJIOYTBOPEHHS Ta TEIUIOOOMIHY TIPOIIECY pil3aHHS,
IPOBEJCHO TMOPIBHSUIBHUN aHami3 ICHYIOUHMX METOAIB Ta 3aco0iB BHUMIPIOBaHHS
TeMIepaTypu, IPUAATHUX JJIsl 3aCTOCYBaHHS IIPU 00poOIIi pi3aHHIM.

Jnsa  migBumieHHs — 1HGOPMATHUBHOCTI  Ta  JOCTOBIPHOCTI  PE3yJbTaTiB
TEIUIOBI31ITHOIO CIOCTEPEKEHHS OyJI0 BU3HAUYEHO MIAX1J 10 MOJEIIOBAaHHS TEIJIOBOTO
CTaHy 30HU Pi13aHHS Ha OCHOBI1 PIBHSHHSI TETUIONPOBITHOCTI 3 ypaxXyBaHHSIM MTOYaTKOBHUX
Ta KpaiioBux ymoB. ONHMCaHO CHpPOIIEHY MaTeMaTHUHy MOJenb ais Bepudikaiii
EKCIIEPUMEHTATLHUX TEMIIEPATYP OTPUMAHUX METOJIOM TEIUIOBI31IHHOTO KOHTPOITIO.

BusHaueHo  METOOMKM  OI[IHIOBAaHHA  METPOJIOTIYHMX  XapaKTEPUCTHK
TEIUIOBI3IHUX CHCTEM, SIKI MICTSATh: BHU3HAYEHHS MPOCTOPOBOI Ta TeMIEepaTypHOI
PO3IIUIBHOI 3/TaTHOCTI (TETUIOBOT Yy TIMBOCTI), 3 YpaxyBaHHIM XapaKTEPUCTHUK TOJISI 30y
TETJIOBI31MHOT KaMEpH.

Jlns  miABUIEHHS TOYHOCTI Ta JOCTOBIPHOCTI OTPUMAaHHMX pPe3yJIbTaTiB
BUMIPIOBaHb, 0YJIO OI[IHEHO BIUIMB KyTa JENpecii Ha BIAOUTKU MPOESKIi BEPTUKATbHUX
Ta TOPU3OHTAIBHUX CKJIAJOBUX TOJI 30py 3 YpaxXyBaHHSIM BHUIPOMIHIOBAJIBHOL

31aTHOCTI OOpPOOJIFOBaHUX MaTepialiB.
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3anpornoHOBaHO AJITOPUTM JUIsI PO3IMi3HABAaHHS Ta aBTOMATUYHOI 0OpOOKH
TEpMOTpaM 3 BHUKOPHCTAHHSM 3TOPTKOBOi INTYYHOI HEMpPOHHOI Mepexi Ha 0asi
apxitektypu U-Net. Jlns 3abe3meueHHs SKICHOTO HaBYaHHA OyB BHKOPUCTAHHIA
JITOPUTM HaBYaHHS 3 «Bunrtenem», a st popMyBaHHS SKICHOI HABYAJIbHOI BUOIPKH —
Oy7no0 po3pobseHO TIOpUIHUN anropuT™M OlHApH3aIlii TepMOorpaM 3 METOK CTBOPEHHS
MacOK JIJIs BUJIJICHHS 30H pi3aHHs. 3a JOMOMOT0I0 IHPEPEHCY pealli30BaHO MOXKIIUBICTh
OTIpAIlfOBAaHHS 1HIIMX TepMOTpaM Ha 6a3i BiKe HAaBUEHOT MOJIEI.

Y BCTymi HaBEACHO 3arajibHy XapaKTepUCTUKYy poOOTH, MiIKpecieHo ii
aKTyallbHICTh, BHU3HAUEHO METY Ta 3aBIaHHs, OO0 €KT, TpPeaMeT AMCepTaIliifHOro
JOCTIKEHHS, BIAMOBIIHICTh HAYKOBO-TOCTHIAHIUM poboTtaM. CHopMyIbOBaHO HAyKOBY
HOBH3HY Ta MPAKTHYHE 3HAUYCHHS OTPUMAHUX PE3yJIbTaTiB Ta 0COOMCTUI BHECOK aBTOPA.

B nepiomy posnuti 3po0sieHO aHali3 JITepaTypHUX JKepes, SKUW JT03BOJIUB
IpoaHali3yBaTH OCOOJMBOCTI TEIUIOOOMIHY y TpoOLiecl pi3aHHS Ta OCHOBHI
3aKOHOMIPDHOCTI ~ TEIUIOYTBOPEHHSA. Po3risHyTO ICHYIOUI METOAM Ta 3acobu
BUMIPIOBAHHSA TEMIIEpaTypH, 3pOOJIEHO TMOPIBHSIBHHMI aHali3 METOMAIB Ta 3aco0iB
BUMIPIOBAaHHS TEMIIEpATypH, NPUAATHUX JJIs 3aCTOCYBaHHS TpPH OOpOOIl pi3aHHSM.
BusHaueHo nepeBaru 3acTOCyBaHHsI METOTy TETUIOBI31iHHOTO KOHTPOJIIO, SIKHIA 1a€ 3MOTY
HE BIUIMBATHU Ha MPOILIEC Pi3aHHs Ta HABKOJMILHE CEPEAOBUIIIE, IKHI HEe MOTpeOye 3MIHU
KOHCTPYKIIIA IHCTPYMEHTY Ta 3arOTOBKH, MITXOAWTHh SK JJII MUTTEBOTO BHU3HAYCHHS
TEMIEpaTypu TaK 1 A7 MOHITOPUHTY B peanbHOMY uyaci. IligkpecieHo BaXKIMBICTbH
BpaxyBaHHS ~ METPOJIOTIYHMX  XapaKTEPUCTUK  3aCTOCYBaHHS  TEIIOBI3OpIB Y
BUMIPIOBAJIBHUX 3a/1a4ax Ta CKJIQJHOIII, sIKI BUHUKAIOTh Y Ipolieci 300py Ta aHamizy
JaHHX.

B napyromy posmini ans migBUIeHHS 1H(GOPMATUBHOCTI Ta JIOCTOBIPHOCTI
pe3yJIbTaTiB TEIUIOBI31MHOTO CIIOCTEPEKEHHS OyJI0 BU3HAYEHO MiX1] 10 MOJIETIOBAHHS
TEIUIOBOTO CTaHy 30HM Pi3aHHS HA OCHOBI1 PIBHSIHHS TEIUIONPOBITHOCTI 3 ypaxyBaHHIM
MOYATKOBUX Ta KPallOBUX yMOB. 3allpOMIOHOBAHO CIIPOIICHY MaTeMaTHYHY MOJEIh IS
BepHdikalii eKCepUMEeHTaIbHUX TeMIlepaTyp OTPUMaHUX METOJIOM TEIUIOBI31ITHOrO
KOHTPOJIO. BH3HAYE€HO METOAMKM OI[IHIOBAaHHS METPOJIOTIYHUX XapaKTEPUCTUK

TEIJIOBI31IMHUX CHUCTEM, SIK1 MICTSATh BU3HAYEHHS MTPOCTOPOBOI PO3AUIHHOT 31aTHOCTI Ta



TEIJIOBO1 Yy TIUBOCTI, 3 ypaxXyBaHHAM XapaKTEPUCTHUK IO 30pY TEIJIOBI31MHOI KaMepH.
3anpomnoHOBaHO 3aJEXKHICTh JUIsl OI[IHIOBAHHS CTaHAAPTHOI HEBHU3HAYEHOCTI 3MIHH
TeMrepaTypu 3a yacoM 7(¢) 1j1st pe3yJIbTaTiB BUMIPIOBAHHS, OTPUMAHUX 3 TETUIOBI31MHUX
BiJIcOKaMep 4epe3 CTaHIapTHE BIAXUIICHHS 3aJIMIIKIB allpOKCUMOBAHOT MOJIEI.

B TperpoMy po3aimi Oyno mpoaHadi30BaHO Ta OOpaHO JEKUIbKa aarOpUTMIB
OiHapu3arii juisi KOMOIHAIlT 3 METOK PO3POOKH TiOpUIHOTO METoay OlHapu3arlii.
ChopmoBana Ta pO3TOpHYTa apxiTeKTypa 3TOPTKOBOI HEUPOHHOI Mepexi 3
BUKopucTtanHaAM (QpeiimBopkiB TensorFlow Ta Keras, mo namso 3mory peanidyBatu
apxitektypy U-Net, sika € 0AHOIO 3 EPEIOBUX Y PO3MI3HABAHHA KaJIpiB 3 HETUIIOBOIO
CTPYKTYPOIO Ta MONIYKY I[IKaBUX, JIJIs TOCJIITHUKIB, 00’ €KTIB.

B yweTBepTOMY pO31J1i HA OCHOBI MPOBEICHUX EKCIIEPUMEHTIB 13 3aCTOCYBaHHAIM
pPI3HUX TEIUIOBI3OPIB PI3HUX MOJEJIEH OIpanboBaHO pe3yJbTaTH Ta OLIHEHO
HEBU3HAYEHOCTI BUMIPIOBAHHS TEMIIEpaTypPH METOI0M 1H(PpauepBOHOI TepMorpadii mis
KaMepu MICTOJETHOrO THUMYy Ta Bifgeokamepu. OnpaiboBaHO pe3yJabTaTH POOOTH
HITYYHOI HEUPOHHOT Mepexi 3 00pOOKOIO BiJICO 3amuciB TepMorpam 3 Temmnosizopy Flir
P640 ta nmpoBeneHo ix Bepudikaiiito, 3 ypaxyBaHHSIM peaIbHUX MOKA3HUKIB TEPMOTPAM.

HaykoBa HOBH3HA OTpUMaHUX pe3yJIbTaTIB:

Bnepmie 3ampomoHoBaHa HeWpoMepekeBa MOJENb I 1HTENEKTYaJbHOTrO
aHaJ3y TEIUIOBI3IMHUX 300pakeHb 30HU Pi3aHHS 3 METOI0 aBTOMAaTUYHOTO BUSIBICHHS
TEIUIOBUX aHOMAaNii Ta MiJABMILEHHS HAIIHHOCTI YHPaBIIHHS TEIUIOBUM IPOIIECOM
pi3aHHs 32 paXyHOK BUKOPHUCTaHHS 3rOPTKOBOI HEMPOHHOT Mepexki 3 apXiTeKTyporo U-
Net, 110 HaBYAETHCA HAa KOMOIHOBAHMX €KCIIEPUMEHTAIBHUX 1 MOJEIBHUX JaHUX, 1
XapaKTepU3yeTbCSl BUCOKOIO YYTJIMBICTIO, @ TaKOXX MOXIIMBICTIO aJalTUBHOT
1HTepIpeTallii TeIIOBUX KapT B PeajbHOMY Yaci MpHU MIHJIMBUX yMOBax pi3aHHS, 1110
BUTIJTHO BIJIPI3HSIE ii BIJ ICHYIOUMX METOJIB aHali3y, 3aCHOBAaHMX Ha IOPOTrOBiH
¢inabpTparii abo py4Hii iHTepHpeTanii TemIoBI31MHUX 300pakeHb.

Bnepiie  3anpornoHOBaHO — aHAMITHYHY — 3aJ€XKHICTh  JUISL  OI[IHIOBAaHHS
HEBU3HAYCHOCTI aAMPOKCUMAIIIMHOI MOJENl 3MIHM TeMIeparypu 3 YacoM 3a

pe3ylbTaTaMd  BHUMIPIOBaHOI  pafioMeTpuuHoi iH(opmamii 3  iHGpauepBOHUX
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TEIUIOBI3IMHUX BIJIEO IUISIXOM BpaxXyBaHHS B3aJMIIKIB MOJENI, IO Ja€ 3MOTYy
T1BUIIUTH JOCTOBIPHICTH OI[IHIOBAaHHS KOMOTHOBAHOI CTaHIaPTHOI HEBU3HAYCHOCTI.

OTpuMana moJabIINi PO3BUTOK MaTeMaTH4YHAa MOJEIb, M0 Omucye ¢i3uyHi
3aKOHOMIPHOCTI TEIJIOYTBOPEHHS Ta TEMJIOOOMIHY B 30H1 Pi3aHHS IIUISIXOM BBEJICHHS
KOPUTYBaJIbHOTO KOE(ILIIEHTY, SIKUI BPaXOBY€ BIUIMB 3MIHUA (POPMH CTPY>KKH 13 3MIHOIO
PEXHUMY pi3aHHs Ta YTOUHIOE CKJIaIOBI MPUPOCTY TEMIIEPATYPH IS KEPET Teria, 10
JI03BOJIsIE  3[INCHIOBATH BepHU(IKALI0 PE3yNbTaTiB TEIUIOBI3ITHOTO KOHTPOIIO
TEIJIOBUX MPOIIECIB 30BHINIHHOTO TOYIHHS.

OTpuMany TOJANBIINN PO3BUTOK MIAXOAW JO OI[IHIOBAaHHS CKJIAJOBHX
KOMOIHOBaHOT HEBH3HAYECHOCTI BHUMIPIOBAHHS TEMIIEPATypu NOpPHU TEIUIOBI3IHHOMY
KOHTPOJII METOJIOM CTaTHUCTHUYHOIO aHaji3y, 6e3nocepenHho Ha ocHOBI aHai3zy ROI,
peaslbHUX  TepMorpaM 3 OOpOOKOIO TIKCeNbHUX 3HAY€Hb SK  MHOXXHHHU
EKCIICPUMEHTAILHUX BHUMIPIOBaHb Ta METOAOM HAOIMKEHOTO aHATITHYHOTO
NIPEJICTABICHHS BUMIPIOBAHHS TEMIIEpaTypH MJisi BpaxyBaHHS BHECKY BiJl BIUIUBY
TEeMITepaTypH BIIOUTTS, IKY BU3HAYEHO HA OCHOBI MO/IEJIi PO3IO/I1TY BUIIPOMIHIOBAHHS
MiX BIIACHOIO Ta BIJOWTOIO CKJIaJIOBUMH, IO JO3BOJSE OI[IHUTH BIUTUB JDKEPEI
HEBU3HAYEHOCTI B YMOBaxX peajbHOTO EKCIIEPUMEHTY.

[IpakTiuHe 3HAYEHHS OTPUMAHUX PE3YyJbTaTIB — pPe3yJbTaTH AMCEPTAIIITHOTO
JOCTIPKEHHSI BAKOPUCTAHO K CKJIAJIOBY JAEPKOIOKETHIX HAYKOBO-IOCIiTHUX pOOOT,
30kpema Ne 244-27 «JlocnipKeHH TEXHIYHUX CUCTEM 1 IX METPOJIOTIYHE 3a0€3MeUEHHS
(AP Ne 0124U002860) Tta No 117-27 «Pecypcosbepiratoui TeXHOJOTI B
MallMHOOYAYBaHHI,  TEXHOJOTIYHAa JuHaMiKa  MeTanooOpoOssiHus»y ([P Ne
0116U004530) Ta MOXKyTh OyTH BUKOPUCTAHHI B IKOCTI p€KOMEHIAIIiil MPU MPOBEACHHI
TEIUIOBI3IMHUX  JOCHI/DKEHb  mpoueciB  pizaHHsa.  OTpumaHl  pe3ysbTaTu
BUKOPUCTOBYIOThCSI B  HaBYaJbHOMY TIpoIlecl JJIi  MIJATOTOBKM  3/100yBadiB
HamionansHoro yHiBepcutety «Omechka MOIITEXHIKAY.

KirouoBi cioBa: TeIIOBHM CTaH MpPOIECY pi3aHHS, TeMIleparypa, METOAu
BUMIPIOBaHHS TeMIIEpaTypH, TEIUIOBI3IMHUI KOHTpPOJIb, HEPYHHIBHUI KOHTpOJIb,
HEHpPOHHA Mepexa, iIHPOpMaIliiTHO-BUMIpIOBaJIbHA CUCTEMA, OiHapU3aIlis, MaTeMaTHIHA

MOJie/Ib, BepudiKallisi, BUMIPIOBaHHS, METPOJIOTIUYHI XapaKTEPUCTUKH, ITOXUOKa,
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HEBU3HAYCHICTh BHUMIPIOBAaHHSA, TOYHICTh, TEpMOIIapa, pajioMeTpuyHa 1HQOpMaIlis,

1H(pauepBOHE BUNPOMIHIOBAHHS, BUTIPOMIHIOBAJIbHA 37]aTHICTb.
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ABSTRACT

Goloborodko V.V. Development of an Information-Measuring System for thermal
imaging control of the external turning process. — A qualification scientific work in
manuscript form.

Dissertation for the degree of Doctor of Philosophy in the field of knowledge 15 —
Automation and Instrumentation in the specialty 152 — Metrology and information and
measuring technology. — Odesa Polytechnic National University, Odesa, 2025.

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.

To enhance the informativeness and reliability of thermal imaging observations,
an approach to modelling the thermal state of the cutting zone was developed based on
the heat conduction equation, incorporating initial and boundary conditions. A simplified
mathematical model is described for verifying experimental temperatures obtained
through thermal imaging control.

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 1s 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.

The scientific novelty of the obtained results is as follows:

For the first time, the neural network model has been proposed for the intelligent
analysis of thermographic images in the cutting zone. This model aims to automatically
detect thermal anomalies and enhance the reliability of thermal process control in cutting
operations. It employs a convolutional neural network with the U-Net architecture,
trained on combined experimental and model data. The model demonstrates high
sensitivity and supports adaptive interpretation of thermal maps in real time under
dynamic cutting conditions. This approach offers significant advantages over existing
methods based on threshold filtering or manual interpretation of thermographic images.

For the first time, the analytical dependency has been proposed to assess the
uncertainty of the approximation model describing temperature changes over time based
on radiometric information obtained from infrared thermographic video data. This
approach incorporates model residuals, enabling an improvement in the reliability of
evaluating the combined standard uncertainty.

The mathematical model describing the physical patterns of heat generation and

transfer in the cutting zone has been further developed by introducing a corrective
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coefficient. This coefficient accounts for the influence of changes in chip shape with
varying cutting modes and refines the components of temperature increase for heat
sources. This enhancement enables the verification of thermographic monitoring results
for thermal processes during external turning.

Approaches to assessing the components of combined uncertainty in temperature
measurement during thermographic monitoring have been further developed. These
approaches employ statistical analysis directly based on the analysis of ROI and real
thermograms, treating pixel values as a set of experimental measurements. Additionally,
an approximate analytical representation method for temperature measurement has been
introduced to account for the contribution of reflection temperature. This reflection
temperature is determined using a model of radiation distribution between the inherent
and reflected components. These advancements enable the evaluation of uncertainty
sources under real experimental conditions.

The practical significance of the obtained results lies in their application as part of
state-funded research projects, including Ne244-27 “Investigation of Technical Systems
and Their Metrological Support” (SR Ne0124U002860) and Nel117-27 “Resource-Saving
Technologies in Mechanical Engineering; Technological Dynamics of Metalworking”
(SR Ne0116U004530). These results can be utilised as guidelines for conducting thermal
imaging studies of cutting processes. Furthermore, the findings are incorporated into the
educational process for training students at the Odesa Polytechnic National University.

Keywords: thermal state of the cutting process, temperature, temperature
measurement methods, thermal imaging control, non-destructive testing, artificial neural
network, information-measurement system, binarisation, inference, Convolutional
Neural Networks (CNN), U-Net, mathematical model, verification, measurement,
metrological characteristics, error, measurement uncertainty, accuracy, thermocouple,

radiometric information, infrared radiation, emissivity.



11

LIST OF PUBLICATIONS OF THE ACQUIRER

List of publications by the candidate on the dissertation topic, presenting the main
scientific results:

1. Oborsky, G.A., Goloborodko V., Perperi L.M. 2024. Implementation of the
hybrid binarisation method for thermogram analysis. Proceedings of Odessa Polytechnic

University.  2(70) (2024), 123-130. https://doi.org/10.15276/0pu.2.70.2024.14

(Ukrainian Scientific Journals Register, Category B)

2. Oborskyi, G., Gugnin, V., Perperi, L., Goloborodko, G., Goloborodko, V.
(2024). Evaluation of Dust Concentration Using Computer Measurement Technologies.
In: Tonkonogyi, V., Ivanov, V., Trojanowska, J., Oborskyi, G., Pavlenko, I. (eds)
Advanced Manufacturing Processes V. InterPartner 2023. Lecture Notes in Mechanical
Engineering. Springer, Cham. https://doi.org/10.1007/978-3-031-42778-7_50 (Scopus)

3. Gugnin, V., Perperi, L., Oborskyi, G., Goloborodko, G., Goloborodko, V.

(2025). Development of a Simulator Program for Studying the Effect of Cutting Modes
on Cutting Temperature. In: Tonkonogyi, V., Ivanov, V., Trojanowska, J., Oborskyi, G.
(eds) Advanced Manufacturing Processes VI. Interpartner 2024. Lecture Notes in
Mechanical Engineering. Springer, Cham. https://doi.org/10.1007/978-3-031-82746-
4 25 (Scopus)

4. Goloborodko V., Perperi L. Verification of thermographic monitoring
results of external turning thermal processes based on mathematical modelling of the
thermal state in the cutting zone // International Scientific-technical journal «Measuring

and computing devices in technological processes». — 2025. — Issue 2. — P. 142-150. —

DOI: https://doi.org/10.31891/2219-9365-2025-82-19. ISSN 2219-9365 (Ukrainian

Scientific Journals Register, Category B)

List of publications confirming the presentation of dissertation materials:
5. H. Oborskyi, V. Gugnin, L. Perperi, G. Goloborodko, V. Goloborodko.

Simulation modelling in the tasks of digital engineering in the creation of information-


https://doi.org/10.15276/opu.2.70.2024.14
https://doi.org/10.1007/978-3-031-42778-7_50
https://doi.org/10.1007/978-3-031-82746-4_25
https://doi.org/10.1007/978-3-031-82746-4_25
https://doi.org/10.31891/2219-9365-2025-82-19.%20ISSN%202219-9365

12

measuring systems. Proceedings of Odessa Polytechnic University, Issue 1(65), 2022. P.
129 — 136. URL: https://doi.org/10.15276/0pu.1.65.2022.15
6. Goloborodko, V., Oborsky, G., Perperi, L. (2023). Digital Transformations

of Industry 4.0: Challenges and Opportunities in Metrology. New and Unconventional
Technologies in Resource and Energy Conservation: Materials of the International
Scientific-Technical Conference, December 6 — 7, Odesa, P. 64 — 65.
https://drive.google.com/file/d/1p8DLOQpjO483tkaO55Px66qc01x74r-Jc/view

7. Goloborodko, V., Oborsky, G., Perperi, L. Application of a Thermal

Imager for Measuring Temperature in the Cutting Zone during Lathe Machining. New
and Unconventional Technologies in Resource and Energy Conservation: Materials of
the International Scientific-Technical Conference, December 11 — 12, Odesa, P. 188 —
190. http://rp.onmu.org.ua’/handle/123456789/4117

8. Perperi, L., Goloborodko, G., Gugnin, V., Goloborodko, V. Application of

Modern Computer Technologies in Training Engineering Students. All-Ukrainian
Scientific-Pedagogical Forum “Innovative Technologies in Education” October 21 — 22,
Ivano-Frankivsk, P. 33 - 34, https://drive.google.com/file/d/1W-
WBi3HRaeexBI2kgewHx4y-3QcMiUHQ/view



https://doi.org/10.15276/opu.1.65.2022.15
https://drive.google.com/file/d/1p8DLQpjO483tkaO55Px66qc01x74r-Jc/view
https://drive.google.com/file/d/1p8DLQpjO483tkaO55Px66qc01x74r-Jc/view
https://drive.google.com/file/d/1p8DLQpjO483tkaO55Px66qc01x74r-Jc/view
http://rp.onmu.org.ua/handle/123456789/4117
https://drive.google.com/file/d/1W-WBi3HRaeexBl2kgewHx4y-3QcMiUHQ/view
https://drive.google.com/file/d/1W-WBi3HRaeexBl2kgewHx4y-3QcMiUHQ/view

		2025-06-30T11:01:14+0200




