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The presented dissertation by Perizat Rakhmetova Maratkyzy constitutes a
comprehensive scientific investigation addressing a significant and contemporary
challenge: the creation and enhancement of pipeline defect detection technologies
employing advanced machine vision and machine learning methods tailored
specifically for mobile robotic systems.

The topical relevance of the research stems from the critical role of pipeline
systems as key infrastructure components essential for the transportation of
petroleum products, gas, and other fluids. Defects such as corrosion, mechanical
damage, and cracks pose severe risks to the operational safety, economic efficiency,
and environmental sustainability of these systems. Consequently, enhancing the
reliability and speed of defect detection through innovative technological solutions
is of paramount importance.

The scientific significance and novelty of the work lie in its integrated
approach to addressing this complex issue, validated by the comprehensive analysis
of existing technologies and the development of novel methods substantially
superior to conventional alternatives. For the first time, the dissertation presents an
algorithm for primary digital image processing, combining the Canny edge detection
method and convolutional neural networks. Additionally, the research introduces an
innovative clustering algorithm based on the DBSCAN method, effectively
managing noisy data and significantly improving the accuracy of defect detection
and classification.

Particularly commendable are the methodological depth and technical rigor
of the study. Perizat Rakhmetova successfully conducted a theoretical analysis of
the problem, proposed effective engineering solutions, developed a complete
hardware-software system, and carried out extensive experimental research. The
findings achieved a high level of reliability and practical relevance, demonstrating a
corrosion defect detection accuracy of up to 93%, a substantial achievement within
this research domain.

The practical implications of this work include the development of a robust
and highly efficient defect detection system capable of integration into operational
robotic inspection systems used in industrial settings. The proposed system
significantly enhances pipeline operation safety and efficiency by facilitating timely
defect detection and mitigating potential emergency situations.
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The findings have been rigorously validated through presentations at several
high-level international conferences, including IEEE CIEES, ElCon, among others,
demonstrating significant recognition and acceptance within the scientific
community. Published articles confirm the author's substantial contribution to
advancing the scientific field, highlighting her independence in solving research
problems, selecting and applying analytical and synthesis methods, and scientifically
substantiating and articulating conclusions.

The structure of the dissertation fully aligns with the research objectives,
demonstrating logical coherence and encompassing all essential components
indicative of a comprehensive research approach. The dissertation text is clear, well-
argued, and logically structured.

In conclusion, the doctoral dissertation of Perizat Rakhmetova Maratkyzy
represents a completed scientific study characterized by scientific novelty,
theoretical depth, and practical value, fully satisfying the requirements for doctoral
dissertations. Perizat Rakhmetova deserves the award of the degree of Doctor of
Philosophy (PhD) in the specialty "6D071600 — Instrumentation."
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OT3bIB
3apy0eKHOr0 HAYYHOTO PYKOBOAHTEIS HA [HCCePTALHOHHYIO PaboTy
Paxmerosoii Ilepn3aT MapaTKbi3bl HAa CONCKAHUE CTENEHH JAOKTOpa
dunocodpun (PhD) mo cnennajIbHOCTH «6D071600 - IIpuGopocTpoCHHE»
Tema muccepranuu: «Pa3paboTka H HCceN0BaHNE CHCTEMBI
oGHapykeHusl BHYTPATPYOHBIX nedeKTOB HAa OCHOBE MAIIHHHOTO 3PeHHst LIH
MOOHJILHBIX POOOTOBY

IIpencraBneHHas JUccepTalMOHHasA pabota PaxmeroBoii  llepusar
MapaTKbi3bl SBIAETCS 3aBEPIICHHBIM HAYIHBIM JCCIIeIOBaHNEM, B KOTOPOM
PacKphITa aKTyalbHas npoGiiema CO3J[aHUsL ¥ COBEPIICHCTBOBAHIL TEXHOJIOTHM
JIMATHOCTHKH BHYTPUTPYOHBIX nedexkroB ¢ MCIIOJE30BAHMEM COBPEMEHHBIX
METOOB MAIIHHHOIO 3PEHMSA M MAallWHHOIO obyueHnws, NMpeAHa3HauYCHHBIX VLA
MOOWIBHBIX pOOOTH3HPOBAHHBIX CHCTEM.

AKTyanbHOCTh MCCIICIOBAHHS o0yciioBieHa 3HaYCHHEM TpyOOIPOBOHEIX
cHCTeM Kak KIIOYEBBIX JJIEMEHTOB HMHQPaCTPyKTYpBI I TpaHCHIOPTHPOBKU
He(TEnpORXYKTOB, rasa U APYruax xuakocteil. Hanudue AedexToB, TaKMX Kak
KOppO3Hs, MEXAHWYECKHE MOBPEKICHI M TPEIIMHEL, HpENCTaBIIET CEPhE3HYIO
yrpo3y ©Oe30macHOCTH, HKOHOMHYECKOH DPPEKTHBHOCTH H 9KOJIOTUIECKOM
YCTOWYUBOCTH JaHHBIX 0GBEeKTOB. B CBS3U € 3THM, NOBHIIICHHE HAICKHOCTH H
OIepaTHBHOCTH OOHAPYKEHHA edeKTOB MOCPECTBOM COBPEMEHHBIX TEXHMIECKHIX
pelIeHNi ABIICTCA 3ajaqeil MOBHINEHHON 3HaYUMOCTH.

Hayunast 3Ha4UMOCTb M HOBH3HA paboTHI 3aKIIOYAIOTCA B KOMILICKCHOM
[OIXOfe K PpeleHHI0 IOCTaBICHHON npoGneMbl, YTO IHOATBEPXKAACTCA
pesyJibTaTaMH aHay3a CYIIECTBYIOIIHMX TEeXHOJIOTHI M TpeIOKCHUEM HOBBIX
METOJIOB, 3HAYHTENBHO IPEBOCXOMIMIMX HM3BECTHBIC AHAIOTH. B muccepranun
BIIEpBbIE TIPEACTABICH AJITOPUTM TepBUYHON IMPPOBOH 06paboTKy H300paXKEeHHH,
wHTerpUpytoHil MeTox KoHHM U CBEPTOHBIC HeifponHble ceTH. TaxKe BIEPBBIC
[IpE/IIOKEH AJITOPUTM KIIacTepu3aliy Ha OCHOBE DBSCAN, KOTOpBI¥ MO3BOIACT
sddexTrBHO 00pabaThiBaTh JaHHBIC AAKE IPH HAJIAYNY 1IyMa, AEMOHCTPHUPYS
BBICOKYIO TOYHOCTD BBIABICHHUS U KnaccuuKayy AeQeKToB.

OcoBoe BHMMaHME 3acTyXKHBAIOT  METOMOIOTHHCCKAA rmyouHa H
TexHAYecKas NpopaboTaHHOCTh HCCIICIOBAHMA. Paxmertosa I1.M. ycriemHo poseia
TEOPETHUIECKHUI aHAJIH3 npo6IeMBl, IIPEAIOKUIA 5(deKTHBHBIE HHKEHEPHBIO
pellieHns, peaau3oBaia aIapaTHO-IPOTPAMMHBIA KOMIUIEKC H oCyIecTBHIa
CEpPHIO SKCIIEPUMEHTANBHBIX ucciaenoBanuii. TlomydeHHbIE pe3yJIbTaThl o0amaroT
BBICOKMM YPOBHEM JIOCTOBEPHOCTH H TIPaKTHYECKOH 3Ha9MMOCTH. I10NTBEPXKICHO,
4TO TOYHOCTH OGHAPYKeHHs KOPPO3HOHHBIX neeKTOB NOCTHraeT ypoBHs 93 %, 9TO
ABIISCTCS SHAUMTENBHBIM JIOCTIXEHHAEM B JIAHHOK o0acTHy.

[MpaxTuyueckas 3HAaYUMOCTB paGoTsl  BBIpaXkaerca B pa3paboTke
BBLICOKO?((EKTUBHOM ~ CHCTEMBI ~ {MarHOCTHKH BHYTPUTPYOHBEIX  HeheKTOB,
IPUTOJHONM I HMHTETpalldd B PEAbHBIC pOGOTOTEXHUYECKHE KOMIUIEKCEI,



HCTOTB3yeMble Ha IPOHM3BOACTBEHHBIX OObekTax. JlaHHas cucTeMa crioco0Ha
3JHAYATETHHO TIIOBBICHTH O€30MacHOCTE W O(Q(EKTHBHOCTH  IKCILTyaTalHH
TpyOOIPOBO/IOB 32 CUET CBOSBPEMEHHOI'0 BBISBICHHUA nedeKToB 1 IpeIoTBPaIIeHNUS
aBapHHWHBIX CUTYyallyu.

Anpobanus pe3ylIbTaToB OCYLIECTBIANACh HA psAlC MEXIyHAPOIHBIX
KOH(epeHImil BEICOKOTo ypoBHS, Takux Kak IEEE CIEES, ElCon u apyrux, 4To
CBHIETEILCTBYET O IIPH3HAHUM IOy I€HHBIX PE3yJIbTaTOB HayYHBEIM COO0IIIECTBOM.
OmnyvO:IMKOBaHHBIE CTAaThH MOJATBEPXKIAOT BKIA/ PaxmertoBoii II.M. B pa3BUTHE
JaHHOM HAay4HOM 06J1aCTH, JEMOHCTPHPYIOT BEICOKYIO CTEIIEHE CaMOCTOATEIEHOCTH
B pelIeHHH MCCIEA0BATENBCKUX 3314, OA0Ope M MPUMEHCHIHI METOJI0B aHalmisa
H CHHTE33, a TAKKe B HayYHOM 06OCHOBAaHMH M HOPMYIHPOBKE BEIBOOB.

CrpykTypa paGOTHI TOTHOCTBEO COOTBETCTBYET 3ajaiaM MCCIICHOBaHUA,
JOTHYHO BHICTPOSHA W BKIFOYAeT BCE HEOOXOOUMBIE OSIIEMEHTBI, OTPaXAroNIUe
KOMILTEKCHBIN IOMXO0] K MOCTaBIeHHOM mpobiaeMe. TeKCT quccepTaluy H3JI0KEH
SCHO, apTYMEHTHPOBAHO 1 JIOTHYHO.

Takum oOpasoM, JuccepTalioHHas —pabora PaxmeroBoit Ilepmzar
MapaTKEI36l  TIPEACTABIAET COO0OM 3aKOHYCHHOE HAyqHOE  HCCIIEN0BAHUS,
XapaKTepU3yeTCsi HaydHOW  HOBH3HOH, TEOPEeTHYECKOH M  IIPaKTUYECKOH
3HAYHMOCTBIO ¥ IIOJHOCTHIO COOTBETICTBYeT TpeOOBaHWAM, NPEABABIACMBIM K
JMCCEpPTAMAM Ha COMCKaHWe CTeNeHH JIOKTOpa dunocodpuu (PhD). Paxmerosa
[1.M. 3acimy>XuBaeT IPUCYXKIEHHS CTEIIEHH IOKTOPA duocodun 1o CrenrdanbHOCTH
«6D071600 - [IpubopocTpoeHHEY.

PhD, npodeccop Kadeapsl
TenexoMMyHHKALHH PyceHckoro
yHHBepcHTeTa «AHres Koindes»,
Cryaenueckasi, 8, r. Pyce, 7017,
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TexcT nokyMeHTa ¢ aHIVIHHCKOTO S3bIKa HA PYCCKHH S3BIK MEPEBEACH INEPEBOIMKOM
AbxETIacBOd AHXEN0H DPUKOBHON CEMHAAIIATOTO anpelisi ABE THICSYM ABaAIaTh IATOrO roja

Dot oot [t dord s

I'opoa Aimmatel, Pecny6mika Kasaxcras.
CemBanaroe anpens ABe THICSYH JBAANATH MSATOTO Toaa

A, Mumbaesa Anus bakteibaeBHa, HoTapuyc ropoaa AJIMatel, FOCyAapCTBEHHAS JTULIICH3HA
2} 0000666 ot 16.11.2006 roxa peiganHas KoMuTteToMm mo opraHu3anuy MpaBOBOM MOMOINH B
OPHAAYCCKUX YCIIYT HacelleHHI0 MuHucTepcTBa roctanun Pecnyonuku Kazaxcras,
CBEICTEILCTBYIO IIOJUIMHHOCTD IIOANHNCH, CAETAHHOM M3BECTHHIM MHE IIEPEBOIYMKOM
Abyavaaceol Amkenoli OpukoBHOH. JlmuHOCTh, moOAMUCAaBINEH MOKYMEHT YCTAaHOBICHA,
eCOCOOHOCTH U OJTHOMOYKS TIPOBEPEHEI.
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