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1. Mogeni Ta MeTOM iHTeIeKTyaIbHOI iHpOopMaLifiHOI TEXHOJIOTII OLiHIOBaHHS (PYHKLIOHAJILHOTO CTaHY TPYO
BOJIOBiIBENEHHS

2. Models and methods of intelligent information technology for assessing the functional state of sewage pipes

Pedepar:

1. Incepranis npucBsYeHa PO3B'SI3aHHIO aKTyaJbHOI HAYKOBO-TIPUKJIAAHOI 3a71adi aBTOMAaTH3allii IIpoLecy
OLIiHIOBaHHS (PYHKLIOHAJIBHOTO CTaHy TPyOOIIPOBOAY BOJIOBiIBEIEHHS 3a JaHMMHU BifleOiHCIIeKIii uepe3s
po3pobiieHHs iHPpopMalliliHOi TeXHOJIOTI] iHTesIeKTyalIbHOrO aHasi3y AaHuX. 3aCTOCyBaHHS pO3pO06IeHO]
inpopMauifiHOi TeXHOJIOrii OLiHIOBaHHS (PYHKLIOHAJIBHOTO CTaHy TPYO BOJOBiIBEIE€HHS LO3BOJISIE MiIBUIIUTHI
TOYHICTh aBTOMATHUYHOTO (OPMYBaHHS 3BiTiB IIpo iHCcHeKL 0. OJHUM i3 CKIaJHUX 3aBIaHb, HA JOCTIIKEHHS SIKOTO
CIIpSIMOBaHa JicepTaliiiHa poboTa, € CTBOPEHHS iHTeJIeKTyaIbHOI iHpOopMaLifiHOI TEXHOJIOTi MAIIMHHOTO
HaBYaHHS JJ1s1 aBTOMaTUYHOTO aHali3y JJaHUX BifjeoiHcIeKii Tpy6 BOOBiABEEHHS 32 yMOB OOMEXXEHOT'0 00CsTY

HaB4YaJIbHUX JAHUX Ta pecypciB, HOCTYIIHUX 1JISI HABYaHHSA Ta O6CJ1YTOBYB3HH$I CHUCTEMM. BOILHO‘IaC BI/IpiU.ICHHH



LIbOTO 3aBJaHHSI N10JISITA€ B HEOOXiZHOCTI aHasli3y IPOCTOPOBO-4aCOBOI KOHTEKCTHOI iHpopmaliii. O6’eKTomM
IOCJIiIKeHHS € Mpoliec OLiHIoBaHHS QYHKI[IOHAJILHOTO CTaHy TPy6 BOIOBiABeneHHS. [IpegMeToM OOCTiIKeHHs €
mogeJi 1 meTony iHpopMaLifiHOI TeXHOJIOrI] OLiHIOBaHHS (PYHKLIOHAJIbBHOTO CTaHy TPYO BOJOBifBeleHHS. Y
IYcepTaLiliHii pob0Ti BUBHAUYEHO aKTYyaJIbHICTh 3aCTOCYBaHHS iHPOPMALiTHMX TEXHOJIOTIH y rayysi iHcnekuii Tpyo
BOZOBinBeeHHs. [I71s1 iHCIeKLii TpyO BOJOBiIBeIeHHSI BUKOPUCTOBYIOTh BileOKaMepH, B TOMY YMCJIi TEIJIOBI3iiiHi,
COHapW, reopafiapy, Jla3epHi CKaHep!, eJIeKTPOCKaHepH Ta X KOMOiHaIlii 3 MeToo BUSIBIEHHS AedeKTiB Ta
OLIiHIOBAaHHS Lii/1iCHOCTI CTIHOK TPYy0 Ta CTaHy I'PYHTY HaBKoJI0 TPy6. Ha 0CHOBI IpoBeieHOro aHali3y METOIiB Ta
nigxomiB mo iHcnekuii Tpyd BOOOBiABEIeHHS BCTAaHOBJIEHO, 1110 OCHOBHUM JIKepesoM iHdopmaliii € BineokaMepH,
OCKiJIbKY BifIeOiHCIIEeKIlisi BUMarae HalMeHIlle HaKJIaIHUX BUTPAT, a iHPOPMaTUBHICTh OTPUMAHUX JAHUX
3abe3nevye BUSIBJIEHHS GiIbIIOCTI BAXJIMBUX TUIIB Ae(EKTiB. OCHOBHA TEHAEHIisl PO3BUTKY Cy4YaCHUX TEXHOJIOTIN
aHaJli3y JAaHUX BifleOiHCIIeKLii IOB'I3aHa 3 BIPOBAI)KEHHSIM TEXHOJIOTIM MAlIMHHOIO 30PY Ta IITYYHOTO iHTEJIEKTY,
X04a Ll TEXHOJIOTI] 10Ci He HAlal0Th JOCTATHLOIO PiBHS aBTOMATU3Aallil Yepe3 HeLOCTATHIO JOCTOBIPHICTD
copmoBaHUX 3BiTiB. TaKUM YMHOM, iX yIOCKOHAJIEHHS € BRKJIMBUM HAIIPSIMKOM JIOCJIiIKEeHb. 3a pe3yJibTaTaMu
aHalizy rpouecy BifeoiHcnekii Tpy6 BOOBiABELEHHS OOIPYHTOBAHO NIOTPeOY Y CTBOPEHHI HOBO] iHTEJIEKTyaIbHOI
iH(popMaLiitHOi TeXHOJIOTi OLiHIOBaHHS (YHKIIOHAJIBHOTO CTaHy TPy0 BOJOBiIBEAEHHS LIJIIXOM BUKOPHUCTAHHS
imen i MeTOIiB KOMIIO3U1lii TPOCTUX MOJIeJIEN, KOHTPACTHOTO HaBYaHHS, 3aBal03aXUILEHOrO KOJYBAaHHS Ta
iHopmaliiiHO-eKcTpeMasbHO]I iHTesIekTyanbHOoi TexHosorii (IEI-TexHoorii). TakuM YMHOM, OCHOBHUI HAIIPSIMOK
nifgBUILEHHS €(PEKTUBHOCTI MOJieiell OLiHIOBaHHS (PYHKLIOHAJIBbHOTO CTAHy TPYO BOJOBiBEIEHHSI N1OJISITA€E B
azanTatii BXiZHOrO MaTeMaTUYHOTO ONUCY Ta 10Oy OBi B [IpOLIeCi HaBYaHHA KlacuiKaliliHMX BUPITyBaIbHUX
IIpaBuJI, 1110 IPU3HAYeHi [ pO3Mi3HaBaHHS KOHTEKCTY, po3Mi3HaBaHHs fedeKTiB B OKPEMUX KOHTEKCTaX Ta
OIIiHIOBaHHS 3MiHU PiBHS BOJY, LIJISIXOM MaKCUMIi3allil KpuTepilo e(peKTUBHOCTI. Yrepiie po3pobyieHO METOT,
HaBYaHHS iepapXiYHOTO €KCTPAKTOpa O3HAK, 10 Ha BiIMiHY Bifl BifOMUX, 3a6€e3Meuye MifBUILleHHs (PYHKIIOHAIbHOI
eeKTUBHOCTI BUPIlyBaJIbHUX [TPaBUJI 32 YMOB 3aIIyMJIEHOCTi Ta HE36a71aHCOBAHOCT] HaBYaIbHUX JAHUX LIJISIXOM
[TO€ITHAHHS NTPUHIUIIIB [IEPEHOCY 3HAHb, CiaMChKHX MEPEK, KOHTPACTHOTO CAMOHABYaHHS Ta CAMOKOPEKTYIOUNX
IBilIKOBUX KoZiB. OflepKaHi HAyKOBi pe3yJIbTaTU JOCIiIKEHb Y BUTJIAI iHPOPMALiiHOTO Ta IPOrPaMHOTO
3a6e3reyeHHs BIPOBAPKEHO IIiJ] Yac MiirTOTOBKY IEPCOHAJTY Ta IPOBEJEHHS iHCHeKii KaHanisauiiHoi mepexi B KI1
"MicekBogokaHan" CMP (M. Cymu), nif, yac po3po6JieHHs iHTeIeKTyalbHOI CUCTEMU BiIlEOMOHITOPUHTY
iHppacTpyKTypHUX 06'eKTiB B TOBapUCTBi 3 06MeKeHOI0 BinnosiganbhicTio “PO3YMHI TEXHOJIOTI «TUTYJT»” (M.
CymMn), Tmif, yac po3po6IeHHS IPOTPaMHOTO 3a6e3MedYeHHST MOIYJISl MAIIMHHOTO 30Dy 1711 AUCTAHI[iHHO-KEePOBAHO]
Mo06inpHOI atdopmu B ToBapucTsi 3 o6MesxeHoIo BinnosiganphicTio “HOPJ] TPEK” (M. IllocTka, CyMcbka
0071aCTb), Iif Yac po3pobIIeHHs cucTeMu KiacugikalliiiHoro aHasizy JaHuX BifleoiHCIeKii Tpy6onpoBoay
BOJIOBizIBesleHHs B KommaHii Molfar.Al sp. z 0.0., (micTo ['maHChK, [TosbINa), @ TAaKOK Y HaBYaJIbHOMY IIPOLIeci
Kadenpy KOMITIOTEPHUX HayK CyMCBKOTO Jep>kKaBHOTO YHiBEPCUTETY IIiJl 4aC BUKJIAaHHS AUCHUILITIHA
“Introduction to Data Science”.

2. The dissertation is devoted to solving the actual scientific and applied problem of automating the process of
assessing the functional state of sewage pipelines based on video inspection data through the development of
information technology for intelligent data analysis. One of the complex tasks that the dissertation aims to
research is the creation of intelligent information technology for machine learning for automatic data analysis of
sewer pipe video inspection under conditions of limited training data volume and resources available for system
training and maintenance. At the same time, solving this task involves the necessity of analyzing spatio-temporal
contextual information. The object of the study is the process of assessing the functional state of sewer pipes. The
subject of the study is models and methods of information technology for assessing the functional state of sewer
pipes. Based on the conducted analysis of methods and approaches to sewer pipe inspection, it has been
established that video cameras are the primary source of information, as video inspection requires the least
overhead costs, and the informativeness of the obtained data ensures the detection of most important types of
defects. The main trend in the development of modern data analysis technologies for video inspection is
associated with the implementation of machine vision and artificial intelligence technologies, although these
technologies do not yet provide a sufficient level of automation due to the inadequate reliability of the formed



reports. Therefore, their improvement is an important direction of research. Based on the analysis of the sewer
pipe video inspection process, the need for creating a new intelligent information technology for assessing the
functional state of sewer pipes by using the ideas and methods of model composition, contrastive learning, noise-
resistant coding, and information-extreme intelligent technology (IEI-technology) has been substantiated Thus,
the main direction for enhancing the effectiveness of models for evaluating the functional state of sewer pipes lies
in adapting the input mathematical description and constructing classification decision rules during the learning
process. These rules are intended for context recognition, defect recognition in individual contexts, and water
level change assessment, all achieved through maximizing efficiency criteria. For the first time, a method has been
developed for training a hierarchical feature extractor, which, unlike known ones, ensures an increase in the
functional efficiency of decision rules under conditions of noisy and imbalanced training data by combining the
principles of knowledge transfer, siamese networks, contrastive self-learning, and self correcting binary codes.
The obtained scientific results in the form of informational and software provision have been implemented during
the training of personnel and conducting of sewer network inspections at KP "Miskvodokanal" SMR (Sumy city),
during the development of an intelligent video monitoring system for infrastructure objects at the Limited Liability
Company “SMART TECHNOLOGIES “TITUL" (Sumy city), during the development of software for a machine vision
module for a remotely controlled mobile platform at the Limited Liability Company “NORD TREK” (Shostka city,
Sumy region), during the development of a classification analysis system for sewer pipeline video inspection data
at the company Molfar.Al sp. z 0.0., (Gdansk, Poland), and also in the educational process of the Department of
Computer Science of Sumy State University while teaching the discipline “Introduction to Data Science”.
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