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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 det'ect detection technologies
employing advanced machine vision and machine learning methods tailored
specifically for mobile robotic systems.

The topical relevance of the research stems frorn the critical role of pipeline
systems as key infi'astructure components essential tor the transportation of
petroleunt products. gas. and other fluids. Defects such as corrosion, mechanical
damage, ancl cracks pose severe risks to the operational sat-ety. economic efficiency.
and environmental sustainabilit.v of these systems. Consequently, enhancing the
reliability and speed of defect detection through innovati'u'e technological solutions
is of paramount importance.

The scientitic significance and novelty of the work lie in its integrated
approach to addlessing this complex issue, r,alidated b.v* the comprehensive analysis
of existing technologies and the development of novel methods substantially
superior to conventional altematives, For the first tirne, fhe dissertation presents an
algorithm for primar;'digital image processing, combining the Canny edge detection
method and convolutional neural netrvorks. Additionally, the research introduces an
innovative clustering algorithrn based on the DBSCAN method, effectively
managing nois1, data and significantly improving the accuracy of defect detection
and classiflcation.

Particularl;* commendable are the methodological depth and technical rigor
of the study. Perizat Rakhrnetova successfully conducted a theoretical analysis of
the problem. proposed eff'ective en*eineering solutions, developed a complete
hardware-software system. and carried out extensive experimental research. The
findin-es achieved a high level of reliabilitv and practical relevance. demonstrating a

corrosion defect detection accuracy of up to 93o/o, a substantial achievement within
this research domain.

The practical implications of this work include the development of a robust
and highly etflcient det-ect detection system capable of integration into operational
robotic inspection systerns used in industrial settings. The proposed systern
significantl,"- enhances pipeline operation saf-ety' and effrciency by facilitating timely
def-ect detection and mitigating potential emergencv situations.
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The findings have been rigorously validated through presentations at several
high-level international conferences, including IEEE CIEES, EICon, among others,
demonstrating signifrcant 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
sub stantiating and articulating conclusi ons.

The structure of the dissertation fully aligns with the research objectives,
dernonstrating 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 - lnstrumentation."

PhD, professor of Department of
Telecom munica tion U n iversity
of Ruse "Angel Kanchev",
Studentska 8, Ruse,7017, Bulgaria

Teodor lliev



/ua QuprraeHHoM 6nanre/

OT3bIB
sapyoexHofo HayqHOIO pyKoBOAIITeJIfl Ha AIICcepTaII[OHnyro pa6ory

puir.tonofi Ilepnsar MaparKbr3br Ira col{cKaHrle crerleHl'r AoICTopa

Qn.rrocoQnu (PhD) no crreq"aJlbHocrtr (6D071600 - Ilpn6opocrpoeHlle>>

Teua ArrccepTaquu: <<Parpa6oTKa II ICCJIeAOBaIIIIe CIICTeMbI

o6napyxeHllfl ""ytp"tpy6ugx 
4eQerron Ha ocIIoBe MaIIIUHHoI0 3peH[fl AJIq

vro6u.nsnbrx Po6oroB>>

Ilpe4craureHHat AlIccepTaIIIIoHHaf pa6ora Paxrvrerosoft fleprasat

MaparrsreH flBlrfleT)fl. 3aBepIueHHbIM HayqHbIM IICCJIeAoBaHIIeM' B KOTOpOM

pacKpblTa aKTyaJrbHax upo6neMa co3A A.fITIA II COBepueHcTBOBaHUt TexHoloruft

Ar{aIHocTLIKlI ""ytprtpy6nrrx 
4eoerron c ucIIoJIb3oBaHLIeM coBpeMeHHbIx

MeTOAOB MarnLrHHOrO 3peHIIt II MaIIIIIHHO;O O6yrennx' npeAHa3HarIeHHbIX AJIfl

uo6ulurux po6our3lapoBaHHblx cllcreM'

ArryanHrocTb lrccJIeAOBaHI4r o6ycnoBJleHa 3Har[eHuerr'r rpy6onpoBoAHblx

cr{cTeM KaK KIIoqeBbIx eJIeMeHroB znQpactpyKrypbl Ant- TpaHcnopTupoBKl4

HeQreupoAyKTOB, ra3a v ApyIlIX XUAroctefi. Hanuque '4e$exron' 
raKLIx KaK

Koppo3l{',MeXaHlIqecK[eIIoBpex,{eHvI'-I{TpeIquHbI'IIpeAcTaBJI'eT_.^1|-::^':n
yrpogy 6egonacnocTtr, 9KOHOMLIIIeCTOfi esserruBHOCTII vI eKoJloruqecKou

ycrofiuunocTkr AaHHbIx o6lerrOe. B csssll c 3TLIM, TIoBbIIIIeHIIe HaAe)KHocTI{ II

o[epaTLrBHOCTtr o6napyx eHv)fl.,{eQerron nocpeAcTBOM COBpeMeHHbIX TeXHI|FIeCKI4X

p eruennfi flBIrfler c' zagauetrt rloBbllueHnoft sH a'ruMo crrl'

Haylrar 3HarIlIMOCTb lI HOBII3IIa pa6OrU 3aKIK)qarcTCt B KOMTIJIeKCHOM

rroAxgAe K pelneH1arc 1locTaBJlennofi npo6nevru, lITo IIoATBepxAaeTcfl'

pe3yJIbTaTaMII aHaJII43a cyu1ecTByrcull4x TexHolorufi u [peAJIo]KeHLIeM HoBbD(

MeTOAOB, 3Haqr{TeJrbHo npeBocxoAtlqux u3BecTHbIe aHaiIoIII' B ALICCepTaIITI

BnepBbre npeAcraBneH €ulropl4rM nepBlllHofi quQponofi o6pa6orxu uso6paxenufi'

r,rHTerpupyroqr4fi M9TOA Kennu LI CBepTor1nsre nefipo HbIe ceTu' Taxxe BIIepBbIe

rrpeAnoxer{ aJrfop}rTM KJracTep}I3aIILlU HA OCHOBS DBSCAN' KOTOpbIfi nOSSOntet

eifQerrunno o6ia6arbrBarb AaHHbre Aaxe rpr,r Ha1rruw nryvra' AeMoHcrpnpyfl

Bbrc oKyro ToqHo cTb Bbr-rrB Jr eHUt u r.nac cz Q vKa\vLT 4e tf erro n'

Oco6oe BHr4MaHrre 3acJryxlrBarcT MeroAonoH4tlecKaf, rny6una v

TexHr4qecKar npopa6orannocTb LICCJI.A oBa'U*.PaxN',rerosa fI'M' yc[eIIIHO IIpOBeiIa

reoperr{q..*ii 
-ur^^, 

npo6neruu, npeAJrOXLrJra sQQenruBHbre }rH*eHepHbre

perlleHllf,, peilILI3oBaJIa annapaTHo-uporpaUvtrufi KOMfIJIeKC vr OCyIqeCTBuna

cepurc oKcrepuMeHr€UlbHbrx llccJleAoBi"iUt.IlonyrenHbre pe3yJlbrarbl o6naAarot

BbrcoKr4M ypoBHeM AocroBepHocrlr u rpaKruqecrofi 3HaqllMocru. flo4rBepxAeHo,

qro ToqHocrr o6napyxeHl{fl KOppO3LIO"""r",4eQerron AocT}Ifaer ypoBHfl 93Yo',qro

flBJIfleTcfl,3HarruTeJIbHbIM AOCTLIXeHIIeM B Aannofi o6lacrz'

flparru.recKaf, 3HaIIIIMocrb pa6oru BblpaxaeTc'u B parpa6orre

nucoroeQQerruenofi cucTeMbl AIIarHocrI{KI{ BIIyTpI4Tpy6unx AeoeKToB'

,rp".oa"ofi AnA UHTefpaIII4I'I B peaJlbHble po6ororexHutqecKue KoMIIJIeKCbI'



ECno-lb3yeMble

3HAIIEIC--IbHO

Ha IIpolI3BoAcTBeHHbIX o6tegax. [annat' c]IcTeMa cIIocoOHa

rroBbIcIITb 6esonacHocrr vI eQ$erruBHocTb sKcIIJryaTaI\wI

Krtuuen>>,
Pyce, 7017,

Tp)fuqpoBoAoB 3a cr{eT cBoeBpeMeHHoro BbIf,BJIeHLIt AeQeKToB u [peAoTBpauIeHI{lI

ampfuut cvryar\Lrfi.
P'AC MexAyHapoAHbD(Anpo6aqrax pe3yJIbTaTOB OcyqecTBIIflIIacb Ha PsAe MeIKAyHaPUAtrbT,l

xonQepenqllft errcoKoro ypoBHt, TaKLIX rcarc IEEE CIEES' ElCon I{ ApyrIIX, IIro

ctsFJererbcrByer o rrpLT3HaHr4Lr [OnyrreHHbIX pe3ynbTaroB HarrHbIM coooulecrBoM'

Oqf-moBaHHbre crarbr.r noArBepxAaror BKJIaA Paxrr{erosofi lI.M. B pa3B}ITI4e

]a sofi Hayrnofi oltacru,AeMoHcrpr4pyror BblcoKyro crerleHb caMocro-flTeJlbHocrl{

B peTneHqn LICCJISAOBaTS16CKLIX 3aAarl, uO46Ope u upLIMeHe1g^ny1 MSTOAOB AHaJI1I3A

E cEHTe3a, a TaKxe B Haf{HoM o6ocHoBaHvl:a u QopnaynlapoBKe BbIBoAoB'

Ctpy*typa pa6orbr rroJrHocrbro coorBercrByer 3aAaqaM LIccJIeAoBaHLrfl)

-fortrrmo BbrcrpoeHa rr BKJrrcrlaer Bce Heo6xoALIMbIe 3JIeMeHTbI' orpaxtarcIque

Xo\{ILfeKcHbIfi IISAXSA K IIocTaBJIeHHofi [po6neMe. Tercr AuccepTaIIuLI I43JIoxeH

flCHO, apIyI4eHTUpOBaHO LI JIOTIIIIHO'

TarrEu o6pasou, AlIccepraIILIoHH€uI pa6ora PaxNreroeofi flePusar

Maparru:u npeAcTaBJI{eT co6ofi 3aKoHr{eHHoe HayrlHoe uccneAoBanre,

xapalileplI3yeTct Hay{Hofi HoBt43Hofi, TeopeTllrlecKofi vI npaKTl4qecKofi

3HarrrrMocrbro vL [onHocrbro coorBercrByer rpe6oBaHvt[M, npeAbtBJIseMbIM K

Jr{cceprarllrqM Ha coucKalvre crerreHlr AoKropa QunocoQun (PhD). Paxverona

fI.M. 3acJryxfl{Baer npucyx(AeHlrr crerreHLr AoKTopa QunocoQvrvrIJro cllelll4€ulbHocrll

<6D07 | 600 - Ilpu6opocrpoeHl{e)>.

PhD, rpoQeccop
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Texcr .{orcyMeuTa c anrnnftcroro r3brKa Ha pyccKr{ft .flsrm rre eBeAeH rrepeBoAruKoM
A6u-r.penofi Amxenofi Spvronnoft ceMHaArlaroro arrpeJrfi ABe rbrcrrm ABaArIarb rrfiToro roAa

fqor A'.nrantt, Pecny6nrra KagaxcraH.
Comruuroe anpenr ABe rbrcflrrr.r ABaArIarb rrrroro roAa

-f, Mrm6aena Anus. Barrrr6aenHa, Horapnyc ropoAa Amuarrr, rocyAapcrBeHHarr nlIIIeH3LIt
.f qxn665 or 16.11.2006 roAa BbrAaHnas KoMr,rreroM rro opraHlrcarllrlr rpaBoBoft nolaoqu u
(raEEK) roprmqecKrrx ycnyr HaceJreHr,rro MuuucrepcrBa rocrrrqnz Pecny6rzrr Ka3axcran,
qgFremcrByro troAJrr,rHuocrb [oA[]rcu, cAenannoft lr3BecrHbrna MHe rrepeBoArrrrKoM

Afiuqrenoft Aprcenoft Spzronuoft. Jft.runocm, noAnrcasmeft AoKyMeHr ycraHoBnerr4

rccuoco6rocrb E troJrnoMorrur [poBepeHbr.
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