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PEULUEH3UA

BbLPXY ANCEPTALMOHEH TPYA 3a NpuaobrBaHe Ha obpasoBaTenHa u Hay4Ha
CTEneH ,40KTop”

ABTOp Ha AucepTauMOHHUA TpyL: Mar. uHX. ViBaHka Jlunoea [lenosa

Tema Ha pucepTaunoHHNsa TpyA: N3cnenBaHe napameTpuTe Ha
MYKHATUHOYCTONYMBOCT NpW NErMpaHn CTOMaHu 3a pasnuyHn pexvmMm Ha
TepmoobpaboTka

PeueHseHT: gou. gH uHXx. Hukonawn [JonHoB

1. AKTyanHocT Ha pa3paboTBaHus B AUCepTaLMOHHUA Tpya npobnem B
Hay4HO U Hay4YHOMPUIOXHO OTHOLLEHUE.

TemaTa Ha AVWCEPTALMOHHUAT TPy € HacoyeHa KbM paspeluaBaHe Ha
npobreMn CBbp3aHW C HEMPEKbCHATO MOBMLUABALLUTE CE W3NCKBAHUA KbM
HapgexpgHoCcTTa W eKcnnoaTtauuoHHaTa ©e3onacHoOCT Ha MexXaHW4HUTe
KOMMOHEHTWN, B YaCTHOCT B XENEe3onbTHUA TPaHCMOPT, HO 3acdAra v ronsma
obnacT OT eHepreTukarta n MawnHocTpoeHeTo. OCHOBHUS aKLEHT e NoCTaBeH
BbpXy MOBEAEHWETO Ha KOHCTPYKTUBHUTE enemMeHTu npu AWHAMUYHO W
UMKNMYHO HaTOBapBaHe, KOETO BOAWM A0 YMOpa Ha MaTepunana, Koeto ce
onpefens KaTto npuuyuHa 3a Hag 80% OT oTkasuTe npu ekcnnioartauus Ha
NHXEHepHUTE CbopbXeHus. [NpexaespemeHHaTa nospefa, Abrmkalla ce Ha
ymopa, MoXe fa AOoBeAe, KaKTo 40 3HauUTeNHN MKOHOMWYECKN LUETH, Taka
[la cb3faje Cepno3HN PUCKOBE 3a aBapuun.

MpepncraBeHata pabota ce 6asupa Ha noaxop 3a aHanus Ha
MYKHAaTMHOYCTOMYMBOCTTA Ha LapHUMpHM GonToBe OT nerMpaHa cromada
42CrMo4 o6paboTeHn C TpW pasnuyHn pexunma Ha TepmoobpaboTka, uypes
cbuyeTaBaHe Ha nabopaTopHU W3NUTBaAHWSA, CbBPEMEHHW MeTogu 3a
BespaspyluMTeneH KOHTPON u 4ucreHo mogenupaHe. locTtaBeHaTta uen u
cpopmynwpaHMTe KOHKpeTHW 3agadl, KOWTO Cca YycnewHo peweHn B
npeacTaBeHaTa paboTa, ca C BUCOKO Hay4HO NPUNOXKHO 3HAYEHUE U aKTyarHu.



2. CrenmeH Ha Mno3HaBaHe CHLCTOSHMETO Ha npobnema U TBOpYeckKa
MHTepnpeTauus Ha NUTepaTypHUA MaTepuann.

Bubnuorpaduata Ha aUcepTaUUoHHUA TPYA € CbBpeMeHHa U oTpassea
afleKBaTHO aKTyanHOTO CbCTOSHUE Ha pasrnexgaHarta HayyHa npobnemaTuka.
ObxBaHaTn ca 99 nuTepaTypHW W3TOYHMKA, BKNIOYBALM TPU TEXHUYECKU
AOKYMEHTa, no TemaTta Ha pauceptauuara. OBCTOMHO ca npeAacTaBeHu u
o6cbaeHn nscneasaHus Ha Apyru asTopu. B npeacTaBAHETO Ha NUTepaTypHUSA
aHanua, obade uma CepuosHM TEXHUYECKN nponyckn. iMa HECLOTBETCTBUA B
MOCOMBAHETO WNWU B TMPEACTaBAHETO Ha CbAbpXaHWETO Ha pejuua
nUTepaTypHU U3TOUHULM, Hanp. 72 Ha cTp. 22, 73 Ha cTp. 23, 79 Ha cTp.30 ”
AP. W HecnaseaHe Ha npaBunara 3a LuTupaHe npu npeacrassHe Ha rpaguyeH
matepuan npuv cur. 1.1 - 1.10. MNMpenpaTkn UNn NOACHEHUA Ha POPMYINNPOBKK
kaTo Hanp. "3aBucumocT Ha [Napuc-Epporad" unm "ypaBHeHne Ha Nasgro',
"mopaen Ha Willenborg" n T.H. nnn Ha o3HaveHus Kato Hanp. "v-K" nnn "M(T)"
He ca pageHn. HecucteMaTuyHO € 1 M3MNon3BaHeTo Ha CbKpaLleHus, ocobeHo
NPy MNPeacTaBsSHETO Ha YNTpasByKkoBWTE MeToau 3a KoHTpon. Jlowo
BreYyaTrneHn npaBu HEMPEUM3HOCTTa npy W3NUCBaHETO Ha ,JINHEMHO
enacTMyHaTa MexaHuKka Ha paspyllaBaHe' Ha Mecta B Tekcta. [lo6Gpo
BreyaTneHue npasu CUCTEMaTUYHOTO U3NOXeHWe Ha npobnema.

HanpaeeHuTe, Ha 6a3a Ha nUTepaTypHUSA aHanus, U3BOAW Ca NpPaBUTHN.
Llenta n 3agauute ca sicHo dpopmynupaHu. ToBa nokassa, Ye Mo ChbLIECTBO
mar. nHx MeaHka [Jenosa e pobpe 3anosHarta cbC cneundmrkara Ha npobnema.

3. CboTBeTcTBMe Ha u3bpaHaTa MeToAMKa Ha u3cnegBaHe C
nocTaBeHaTa Len U 3a1auu Ha AUCEepPTaLUOHHUSA TpyA.

MeToponorusaTa Ha NpPOBEAEHUTE u3crneaBaHus W aHanuau, obxearta u
MNaHUPAHETO Ha EeKCMEePUMEHTUTE U KOMMIOTbLPHUTE CUMYNaLWUK, KaKTo W
NoAroToBKkaTa Ha obpasyuTe cnepBaTt CTPOro NocTaBeHWUTE Lien U 3agayn 3a
onpeAensHe Ha MNyKHaTUHOYCTOWYMBOCTTA B YCNOBWA Ha MHOrOLMKIOBA
ymopa. M3bpaHu ca Knacuyeckn U CbBPEeMEHHW eKCrnepuMeHTanHn MeToam v
TEXHWKWA, KOETO NO3BONSABa YCMNELIHO U3MbMHEHWE Ha NOCTaBeHUTe 3ajadqu.
KoMMoTbpHUTE cCuMynaLumn ca NpoBEAEHU C U3NOMN3BaHe Ha creunanusnpann
coTyEPHU PELLEHNSA U UHCTPYMEHTU.
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4. KpaTka aHanuMTM4Ha XapaKTepucTuKa Ha eCTeCTBOTO WM OLUEHKa Ha
[OCTOBEPHOCTTA Ha maTtepuarna, BbpXy KOUTO ce rpagsar NpuHocUTe
Ha AUCepTaLUUOHHUA TPYA.

AucepTaunoHHUAT Tpya e paspaboTteH B obem oT 136 cTpaHuum, KaTto
cbabpxa 74 curypu n 17 Tabnuun. CTpykTypupaH € B yBOAHa 4acT,
npeacTaBsHe Ha NPOBedEHUTE U3CneaBaHus, 3aknodeHne, bubnuorpadguyHa
crnpaBKka WU CnMCbK Ha ny6nvu<aumv|, CBbp3aHWU C ANCepTaundATa. Bcsaka rnaea
3aBbpllBa C OCHOBHM Wu3BOAM W 3aknodeHusi. [peacraBsHETo  Ha
n3cnegeaHvuAaTa U pesyntatuTe, NOAKPENALM 3aKNioYEHNATa U NPUHOCUTE €
npeacTaBeHo B rmasn 2 Jo 5.

3a nposexpaaHe Ha uscneapaHusiTa ca NoAroTBEHU YeTupy Tvna obpasum,
6e3 n ¢ Tpu Buga tepmoobpaboTka. MNpoBeaeHn ca MEXaHNYHN U3NUTBaHWA Y
MeTanorpadcku UscneaBaHUsa 3a TAXHOTO AETanHO Xapaktepusupaxe. [Npu
N3NUTBaAHUATA Ha yAapHa XUNaBocT ca fobaseHu n obpasum obpaboTeHu vpes
HopManusauus. PesynTatute OT aHanusa ca CUCTeMaTU4HO U CPaBHUTENHO
ACHO npefcTaBeHun. V3knioyeHne npaeaT pesyntatute B Tabnuun 2.6 n 2.8
KbAETO ca AafeHN HEMOHATHM 3anucuy (YepBeH LLPUAT), a U UHTepnpeTaunaTa
UM Ha ¢wur.2.8 e cnopHa. Mo CLLUECTBO MOMNy4YeHUTE eKcrnepuMeHTarHu
pesynTatu  npeacTaeBnsBat  fobpa ocHoBa 3a  OLEHsiBaHe  Ha
NYKHaTUHOYCTOWYMBOCTTA MNPW pasfnnyHa n3xogHa MUKPOCTPYKTypa.

PaspaboteHa € eKkcnepumeHTanHa wmertogonorua, Ha 0asata Ha
CbBPEMEHHW YNTPa3BYKOBWU TEXHWKW, 3a NpoBexaaHe Ha GespaspylumTeneH
KOHTPOM Ha wapHupHU GonToBe. poBedeHn ca M3NUTBAHUS C UCKYCTBEHO
Cb3fafeHn epo3NoHHN Haapesun 1 e oLeHeHa e)eKTUBHOCTTA U 3a OTKPMBaHe
1 opasmepsBaHe Ha AeEKTU OT TUMa YMOPHU NyKHATUHM.

MocpeacTBOM YUCNEeHU cUMynauuMu ¢ YTBbPAEHU TEXHUKU U COoTyepHU
MHCTPYMEHTW Ca npoBeaeHn ctaTtuyeH, AMHaMW4eH aHanma Ha pactexXa Ha
YMOpHa NyKHaTWHa nocrnefoBaTenHo B CTaHgapTeH KomnakteH obpasey 3a
U3NUTBaHe HECMMETPUYEH onbH M B LapHupeH Bont. UscnepBawnuaTa ca
npuapyxeHu un ¢ dpakrorpacdpckn aHanuns. MNoTebLpAEHO €, Ye KoePULMEHTBT
Ha WHTEH3MBHOCT Ha HanpexeHusaTta (Ki) e HesaBuMcum OT Mmarepuana.
PesynTati oT cTaTUYHUSA aHanu3 Ha LWwapHupHusa 6onT (rnaea 4.5) nokasear,
Ye C HapacTBaHe Ha nykHatMHata K nbpBOHavanHo Hamarnsiea, a
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BMOCNEACTBME HapacTBa, KOeTo obave He e MNOAMOXEHO Ha [AWCKYCus.
N3cnepBaHuaTa Ha Oasata Ha 3aBMCUMOCTTa Ha TeMMNa Ha HapacTBaHe Ha
MyKHaTUHaTa KbM W3MEHEHMETO Ha WHTEH3UTETa Ha HanpexeHuaTa ca
NPOBEAEHN 33 Pa3NMYHU XapaKTEPUCTMKN Ha LMKIMYHO HAToBapBaHe W C
kanubpupaHe Ha KoedUUMEeHTUTE Ha Mopena 3a pasrnexgaHute
MUKPOCTPYKTYPU.

B nocnepgHara rnaBsa Ha guceprauusita e npeacraseHa paspaboreHarta oT
KaHaupaTta mar. uHX. MeaHka [lerioBa METOAMKa 3a KOHTPOM U MpoBepKa Ha
lapHupHu 6GontoBe. Tasu meToaumka ce 6Gasvpa Ha npunaraHeTo Ha
YyNTPasBYKOBU TEXHUKM C dpasMpaHn peLLETKW, MbHO MaTPUYHO CKaHWpaHe W
anropuTMK 3a OLEHKa Ha pacTexa Ha NyKHaTWHW B YCroBMSA Ha AWHAMWYHO
HaToBapBaHe.

5. HayuyHu U Hay4YHONPUIOXHU NPUHOCKU HA ANCEPTALNOHHUSA TPYA,

B avcepTaumoHHUsA TpyA NPUHOCK HE Ca NMOCOYEHU 1 cneaBa Aa ce B3emar
OT aBTopedpepaTa, KakTo crnejBsa:

Hay4HO-NPUNOXHN NPUHOCHK:

1. Pa3paboTeH 1 BanuaupaH € YUCMeH MOAEen 3a pacTexX Ha YMOPHM
nykHaTuHu B Gontose oT ctomaHa 42CrMo4, peanusupaH ¢ noMoLyTa
Ha cneumnanuanpaHu coTyepHU NPUNOXEHUS.

2. OnpepeneHu ca ¢ BUCOKA TOMHOCT KPUTUYMHUTE ABIMKUHU Ha NYKHATUHW
M OCTAaTbYHUAT XMBOT Ha OONTOBE MPW pasnUyHN pexnumu Ha
TepMmoobpaboTka, KaTo € YCTAHOBEHO CbLUECTBEHO BfMsSHME Ha
TepmoobpaboTkara.

3. MNpepnoxeHa e kombMHMpPaHa MeToAMKa 3a AUarHoCTuka, uHTerpupalya
CbBPEMEHHU MeToaM 3a GespaspylumTerneH KOHTPon, KoATo 0bBbp3Ba
pearnHo M3MepeHa AbMKMHA Ha AedpeKkta ¢ 4YUCneHo onpeaeneHa
KPUTUYHA CTONHOCT.

4. PaspaboTeH e anroputbMm 3a Knacudukauus Ha CLCTOAHWETO Ha
bonToBeTe, OasmpaH Ha CbOTHOLUEHMETO MEXAY W3MepeHaTa W«
KpUTMYHaTa AbnboynmHa Ha nykHaTUHaTa, KOETO NO3BoNnsABa paHHa
OLIEHKA Ha pucka OT paspyLUeHue.

MpunoxHu NpUHOCHK:



1. MNpepnoxeHa e UANOCTHa METoAUKa 3a KOHTPOMN U TEXHUYECKA OLIeHKa
Ha wapHupHM OGonToBe, KkoATo obeguHsBa: 6espaspywmTenHa
WHCMEeKLUWs, YMCNeH aHanns Ha NyKHaTUHU U KPUTEPUWN 3a TexHUYecka
NPUroaHOCT Ha Basa peanHo CLCTOSHME.

2. PaspaboteH e noaxopn, KOMTO € NPUNOXUM B peanHu ekcnnoaTauMoHHN
ycroeus, 6e3 HeoBXoAMMOCT OT AEMOHTAX HA KOMAOHEHTUTE 1 MOXE
Aa Ce BHEAPM B CUCTEMU 3a TEXHUYECKa NOAAPBXKKA Ha KENe30MbTHM,
aBTOMOOWMHWN 1 MALIMHOCTPOUTENHU KOMMNOHEHTH.

Mo cblecTBO NpuHOCMTE ca MOAKPeneHW OT MoryyeHuTe pesynrtatu u
NPUEMIUBU.

6. OueHka 3a cTeneHTa Ha NWUYHOTO y4acTMe Ha [uCepTaHTa B
npUHoOCHUTE.

Bb3 ocHoBa Ha npeacTaBeHWTE uU3cneABaHWsA W pe3ynTaTy, KakTo W
aBTOPCTBOTO Ha nybnukauuute no AucepTauusTa, cuyutam, ye pabotata e
CaMOCTOATENHO [eno Ha AucepTaHTkaTa, peanusnpaHo noj pbKOBOACTBOTO
Ha HayuMHWUSA pbKoBoguTesn. He oTkpuBam nnarnaTcTeo.

7. TpeueHka Ha ny6nukauuuTe No AUCEPTALIMOHHUS TPYA

Mo TemaTa Ha gucepTauuaTa ca MOCOMEHW MET nyGrMKauuu, YeTupu B
PEeLEeH3MPaHN HauMOHaNHK HayyHU CcrnucaHMas W egHa B cBOpHUMK OT

MexayHapoaHa KoHdepeHLUus, pedepupar B Scopus. B Scopus e otbensizaHo
€[HO uuTupaHe.

8. WsnonsBaHe Ha pe3ynratuTe OT AUCEPTALMOHHUA TPYA B HayyHaTa U
couManHara npakTuka.

[aHHu 3a MPAK MIKOHOMUYECKU ehekT He ca NOCOYEHU.

9. OueHKka Ha CbLOTBETCTBMETO Ha aBTOopedepaTa C U3UCKBAHMATA 3a
M3roTBAHETO MY, KakTO U Ha afeKBaTHOCTTa Ha OTpa3fiBaHe Ha
OCHOBHMUTE NOJNOXEeHUA U NPUHOCUTE Ha AUCepPTaLMOHHUSA TpyA.

ABTOpedepaTsbT € 0hOPMEH CLIMaCHO U3UCKBAHUATA, KATO A0CTAaTLYHO
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MBITHO U TOYHO OTpasfiBa pe3ynTtaTuTe, OCHOBHUTE NMPUHOCK KN ny6nm<aumvrre
no Hes.

10. MHeHus, npenopbku U Genexky.

B nucmeHata paGota npaeu nolLo BrieyaTnieHMe Ha MECTa HenpeL3Ho
U3NonssaHe Ha TEPMUHONOrWATa, HECLOTBETCTBMS B HOMEpaUMsTa Ha

GubnunorpadusTa U HECTPMKTHOTO cnasBaHe Ha eTukaTa npu UUTUpaHe Ha
rpacdouyeH matepuarn.

Mo cbectso paboTaTa e cTpykTypupaHa npernefHo. CbabpXaHUETo
npeacTasA icHo obxsaTta, MeTofonorvsiTa U pesynraTuTe oT AncepTaunoHHuA
Tpyd. HanpaseHute KkpuTuuHu 3abenexku He HamanseaT Hay4yHaTa w
MPUNOXHa CTOMHOCT Ha NOMyYeHUTe pesynTaTu.

11. 3aknouyeHue

Ha Gasarta Ha Bcu4ko Ka3aHO OO0 TYK cYUTaMm, 4e npencraBeHnAT Mmm 3a
peueHsnpaHe AuceptauumoHeH Tpyn ,MscnegesaHe napameTpute  Ha
NYKHATUHOYCTOMYMBOCT MNpU NErMpaHW CTOMAaHU 3a PasfMyHU PexuMi Ha
TepmoobpaboTtka® 3a npucbxaaHe Ha obpasosaTenHa M HayyHa CTeneH
»IOKTOpP® B obnact B obnact 5. ,TexHW4eckn Hayku‘, npodecroHanHo
Hanpasnexme 5.1. ,MallMHHO WHXeHEepCTBO, HayyHa cheunanHocT
LIPUNOXHa MexaHuka“, oTroBapsi Ha wusuckBaHuaTa Ha 3PACPE u
NPaBUNHMLUUTE 3a HEroBOTO MPUMOXEHWe U npepnaram ga ce NpUChAW Ha
mar. nHx. MisaHka [lenoea obpasosatenHara v HayyHa cTeneH "[oKTop".

Hara: 16.07.2025 PELIEH3EHT: )
Ipou. «H uHx. H. JoiHoB/
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on a dissertation work for the acquisition of the educational and scientific
degree of ,Doctor ”

Author of the dissertation: MSc Eng. Ivanka Lilova Delova

Topic of the dissertation: Study of Fracture Toughness Parameters of Alloyed
Steels Subjected to Various Heat Treatment Regimes

Reviewer: Assoc. Prof. DSc Eng. Nikolay Doynov

1. Actuality of the problem developed in the dissertation work in
scientific and scientific-applied terms

The topic of the thesis is aimed at solving problems related to the
continuously increasing requirements to the reliability and operational safety of
mechanical components, in particular in railway transport, but also affects a
large area of energy and mechanical engineering. The focus is on the behavior
of structural elements under dynamic and cyclic loading, which leads to material
fatigue, which is identified as the cause of over 80% of failures in the operation
of engineering equipment. Premature failure due to fatigue can lead to both
significant economic damage and create serious accident risks.

The presented work is based on an approach to analyze the crack
resistance of 42CrMo4 alloy steel hinge bolts treated with three different heat
treatment regimes, by combining laboratory testing, advanced non-destructive
testing methods and numerical modelling. The stated aim and the formulated

specific tasks, which are successfully solved in the presented work, are of high
scientific and applied importance and topical.

2. Degree of knowledge the state of the problem and creative
interpretation of the literary material

The bibliography of the dissertation is contemporary and adequately
reflects the current state of the considered scientific issues. It covers 99
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literature sources, including three technical documents, on the topic of the
dissertation. Studies by other authors are thoroughly presented and discussed.
However, there are serious technical gaps in the presentation of the literature
analysis. There are inconsistencies in the citation or presentation of the content
of a number of references, e.g. 72 on page 22, 73 on page 23, 79 on page 30,
etc. as well as non-compliance with citation rules in the presentation of
graphical material in Fig. 1.1 - 1.10. References or explanations of formulations
such as e.g. "Paris-Erdogan relation" or "Nasgro equation", "Willenborg model"
etc. or of notations such as e.g. "v-K" or "M(T)" are not given. The use of
abbreviations is also unsystematic, especially in the presentation of ultrasonic
control methods. Poorly impressed is the imprecision of the spelling of "linear
elastic fracture mechanics" in some text fragments. A good impression is made
by the systematic presentation of the problem.

The conclusions drawn, based on the literature analysis, are correct. The
aim and objectives are clearly stated. This shows that, in essence, MSc. Eng.
Ivanka Delova is well acquainted with the specifics of the problem.

3. Consistency of the chosen research methodology with the aim and
objectives of the dissertation

The methodology of the investigations and analyses, the scope and design
of the experiments and computer simulations, as well as the preparation of the
specimens strictly follow the stated aim and objectives for the determination of
fracture toughness under high-cycle fatigue conditions. Classical and modern
experimental methods and techniques are chosen, which allow for successful
completion of the tasks of the work. The computer simulations are conducted
using specialized software solutions and tools.

4. A brief analytical description of the nature and reliability assessment
of the material on which the thesis contributions are based

The dissertation is developed in a volume of 136 pages, containing
74 figures and 17 tables. It is structured in an introductory part, a presentation
of the conducted research, a conclusion, a bibliography and a list of publications

related to the dissertation. Each chapter ends with main conclusions and
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implications. The presentation of the research and results supporting the
conclusions and contributions is given in Chapters from 2 to 5.

Four types of specimens, without and with three types of heat treatment,
are prepared for the research. Mechanical tests and metallographic studies are
carried out for their detailed characterization. For the impact toughness tests,
further specimens treated by normalization are added. The results of the
analysis are systematically and relatively clearly presented. The exceptions are
the results in Tables 2.6 and 2.8 where incomprehensible entries are given
(written in red), and their interpretation in Fig. 2.8 is questionable. Overall, the
experimental results obtained provide a good basis for evaluating crack
resistance under different initial microstructure.

An experimental methodology, based on modern ultrasonic techniques, is
developed to conduct non-destructive testing of pivot bolts. Tests with artificially
created erosion notches are carried out and its effectiveness for the detection
and sizing of fatigue crack type defects is evaluated.

By means of numerical simulations with validated techniques and software
tools, static, dynamic analysis of fatigue crack growth are conducted
successively in a standard CT specimen (compact tension specimen) and in a
pivot bolt. The investigations are also accompanied with proctographic analysis.
It is confirmed that the stress intensity factor (Ki) is independent of the material.
Results from the static analysis of the pivot bolt (section 4.5) show that as the
crack grows, the K initially decreases and subsequently increases, however,
this is not sufficiently discussed. Investigations based on the dependence of
crack growth rate to stress intensity variation are conducted for different cyclic
loading characteristics and with calibration of the model coefficients for the
different microstructures.

The last chapter of the dissertation presents the developed by the
candidate MSc Eng. Ivanka Delova methodology for control and inspection of
pivot bolts. This methodology is based on the application of phased array
ultrasonic techniques (PAUT), full matrix scanning (FMC) and algorithms for
crack growth assessment under dynamic loading conditions.



5. Scientific or scientific-applied contributions of the dissertation

Contributions are not listed in the thesis and should be taken from the
abstract as follows:

Scientific contributions:

1. A numerical model for fatigue crack growth in 42CrMo4 steel bolts was
developed and validated using specialized software applications.

2. Critical crack lengths and residual lives of bolts under different heat
treatment regimes are determined with high accuracy, and the influence
of heat treatment is found to be significant.

3. A combined diagnostic methodology integrating modern non-destructive

testing methods is proposed, which relates actual measured flaw length
to a numerically determined critical value.

4. A bolt condition classification algorithm based on the ratio between
measured and critical crack depth is developed, allowing early
assessment of failure risk.

Scientific-applied contributions:

1. A comprehensive methodology for the inspection and technical
evaluation of pivot bolts is proposed, which combines: nondestructive
inspection, numerical crack analysis and technical suitability criteria
based on actual condition.

2. An approach is suggested and developed that is applicable in real
operating conditions without the need for component disassembly and
can be implemented in maintenance systems for railway, automotive
and mechanical engineering components.

In its essence, the contributions are supported by the obtained results and
acceptable.

6. Evaluation of the degree of the candidate's personal involvement in
the contributions

Based on the research and presented results, as well as the authorship of
the publications on the dissertation, | assume that the work is an independent
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work of the candidate, realized under the supervision of the supervisor. | find
no plagiarism.

7. Assessment of the publications on the dissertation

Five publications on the topic of the dissertation are listed, four in peer-
reviewed national scientific journals and one in a Scopus refereed international
conference proceedings. One citation is noted in Scopus.

8. Applying the results of the dissertation to scientific and social
practice

No data on direct economic effect are provided.

9. Assessment of the compliance of the abstract with the requirements
for its preparation and the appropriateness of the presentation of the
main points and contributions of the dissertation

The abstract is prepared according to the requirements. The presented
results, main contributions and publications on the thesis are sufficient,
complete and accurate.

10. Opinions, recommendations and comments

The written work makes a poor impression in places with imprecise use of
terminology, inconsistencies in bibliography numbering and careless ethics in
citing graphic material.

In essence, the work is structured clearly. The contents clearly present the
scope, methodology and results of the thesis. The critical remarks made do not
diminish the scientific and applied value of the results obtained.

11. Conclusion

Based on the above review, | conclude that the submitted doctoral thesis
Study of Fracture Toughness Parameters of Alloyed Steels Subjected to

Various Heat Treatment Regimes” in the field 5. - Technical sciences,
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Professional direction 5.1.- Mechanical engineering, scientific specialty
,Applied Mechanics*, meets the requirements of the "Law on the Development
of Academic Staff in Republic of Bulgaria“ and its associated regulations. |
therefore recommend that MSc Eng. lvanka Delova be awarded a Doctor
degree.
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