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ABTOp Ha JUCEPTALMOHHHMA TPYA: Mar. uipk. ViBanka JIunosa [esioBa

Tema Ha aucepranuoHsms TPyA: V3ciieBaHe napaMeTpuTe Ha MyKHATHHOYCTOHYMBOCT
TIPH JIeTHPaHK CTOMAHHM 3a Pa3/IMYHK PEXXUMU Ha TepMoobpaboTka

YneH Ha HAy4HOTO XypH: npod. A-p EBrenu XpucTos MBaHOB

1. AxryamHocr Ha paspaboTBaHus® B [AHCEPTALMOHHHMA TPYA NpobieM B HAaydHO H
HayYHOIIPH/IO)KHO OTHOIIEHME. Pa3paboTBaHMAT B JUCEPTALMOHHHMS TPYA mpobimem e c
BHCOKd HdyYHa U HAYYHOIIPU/IOXKHA aKTYa/IHOCT, Thi KAaTO MPSIKO 3acsra YCTOMUMBOCTTA Ha
KOHCTPYKTUBHM €/IEMEHTH OT JIeTMpaHd CTOMaHd TMpPH JUHAMHUYHM M LMK/IMYHH
HaToBapBaHMsl — KmouoB (axkrop 3a OesomacHOCTTa B  TpaHCHOpPTHATA U
MAaIlIMHOCTPOUTE/IHATa HHAYCTPHs. B yC/1oBHsATa Ha HHTEH3HBHA €KCILIOATalus, 0cobeHo B
KeJIe30IIbTHHS TPAHCIIOPT, OLIeHKATa Ha MyKHATHHOYCTOHYHMBOCTTA [IPH PA3/IAYHHA PEXKUMH
Ha TepMoo6paboTKa e OT ChINeCTBeHO 3HaUeHHe 3a MPOrHO3UPaHe HA OCTATLYHMSA PECYPC U
MpejOTBpaTsiBAHE HAa YMOPHO pa3spyuiaBaHe. [lucepraiponHata pabora obxBaiia
KOMIIJIGKCEH I10JX0/, BKJIOYBALL[ eKCIIePUMEHTA/IHK W3MKTBAHUS, ChbBPeMEHHH METOAHM 3a
Oe3paspyumTesieH KOHTPOJI U YHC/IeHO MOJIeTipaHe, KOeTo JOMPHHACS 3a pa3paboTBaHe Ha
Ha/IeXKAHa MeTO/I0/I0THA C IPaKTHYeCKO NpuiokeHue. CTerneHTa Ha akTyaIHOCT € BUCOKa, a
pelaBaHUTe KOHKPeTHH 3ad4d afpecupar KakTo TeOpeTUYHH, Taka U [PUIOKHU aCIIeKTH
OT MHJKEHepHaTa JUarHOCTHKA 1 MOAAPbKKA.

2. CreneH Ha No3HaBaHe CBLCTOSHHMETO Ha npobsieMa W TBOpYeCKa MHTEpNpeTaLuda Ha
JIATEPaTypHUsl MarepHall. /IMCepTaHThT AeMOHCTPHpa BHCOKa CTENeH Ha I03HABAaHE Ha
CbCTOsIHMETO Ha npobreMa upe3 00CTOeH M 3a4b/I0OUeH JMTepaTypeH 0630p, obxBalawy
UCTOPUYECKOTO pa3BUTHe U CbBDEMEHHUTE [IOCTIXKeHUsi B 00/acTTa Ha ymopara Ha
MaTepuanTe ¥ MyKHAaTHHOYCTONUMBOCTTA. AHA/IM3UPaHH Ca KAKTO K/IAaCUYECKHTE, TaKa U
MOJIepHUTE MOAXOAM B MEXaHMKATa Ha pa3pylIeHHeTO, BKIFOUMTEIHO METOJUTE 3a OL[eHKa
Ha IpaHHLATa HAa YMOPA, Bb3/efICTBUETO Ha TepM0o0OpaboTKa 1 YHC/IEHH MOZE/IH Ha PaCTex
Ha IIyKHaTMHM. TBOpYeckaTa MHTepHpeTalis Ce MposiBsBa B W3BeJEHUTe W3BOJU 3a
JIATICBALIM M3CJIeiBaHUA U HeoOXOJWUMOCTTa OT WHTEerpupaH II0AXOJ, KOeTOo MOTHBHpA
(GopMyMpaHeTo Ha LieJiTa M 3aJauiTe Ha AUCepTalMOHHMS TPyA, JIMTepaTypHUAT aHa/Iu3
CJTy>KM KaTo CTabu/iHa OCHOBA 338 MHOBAaTMBHUTE PeLeHus, IPe/yIOKeHH B U3C/ieABaHeTo.

3. CroTBeTCTBHE Ha M3bpaHaTa MeToAUKA Ha M3C/IeABaHE M MOCTABeHATa Le/l M 3aJaun
Ha AMCEPTAIMOHHHS TPYA C NOCTUTHATHTE IPUHOCH. [30panaTa MeToMKa Ha U3C/IeiBaHe
HaIlb/IHO CBHOTBETCTBA HA (OpPMy/IMpaHaTa Le/ M 33/jaud Ha JUCePTaLMOHHUS TpPYA.
KOMGHH&LIHFITE 0T EeKCIIeDUMEHTA/IHH MEeXdHWYHH H3IKWTBAHHA, ChBPEMEHHH METOAH 3d
6e3paspymmreneH kKoutpos (PAUT, FMC/TFM, FMC/PCI) u 4dC/IeHO MOZenupaHe upes
ANSYS wu MATLAB ocurypsBa HajeXAHO ¥ MHOIOIUIAaCTOBO M3C/IE/IBAHE Ha
IIYKHAaTHHOYCTOMYMBOCTTA IPH JierdpaHa cromada 42CrMo4. TIoCcTUrHaTuTe pesyiratd U



HPUHOCH — BK/TFOUKTEJTHO BaJIH/MPaH YHUC/IEH MOZIel, Oripe/ie/leHd KPUTHYHH JbI004YHHU Ha
MyKHAaTHHU W pa3paboTeHa MHTErpHpaHa MeTO/MKa 3a OLIeHKa Ha OCTaThbUYHMUs Pecypc — ca
npsika (PyHKIMsS Ha a/IeKBATHO MO0 paHus M3C/Ie/[0BaTe/ICKU 110AX0/,. MeToaMKaTa e HayuHo
000CHOBAHA W MPAKTHYECKH TPHIOXKHMA, KOETO 3aTBbpiKjaBa HeHHaTa pe/IeBAaHTHOCT
CTIPSIMO IOCTaBEHUTE LIe/IH.

4. Hayusu wWid HAyJHOIIDH/JIOXHHM IPHHOCH Ha [AMCEPTAal[AOHHHA TPYA.
JucepTauoOHHUST TPYA ChAbPAKA CBINECTBEHH HAYYHH M HAyYHONPHWIOXKHH TPHHOCH C
BUCOKd 3HAYMMOCT KakTO 3a TEOPHATA, Taka M 33 WH)KeHepHATa IIPAKTHKa. ABTOPHT
pa3paboTBa M Ba/MKpa OPUIMHAJIEH YMC/IEH MOJE/ 3a MPOTHO3WpaHe Ha pacTexa Ha
YMOPHH ITYKHATHUHH, KOWTO OTYKMTA B/IUSIHUETO Ha TepMo0oOpaboTKa M peaiHi HATOBapBaHKs,
KaTo ZI0Ka3Ba HOBW 3aBUCHMOCTH B paMKUTe Ha 3aKOHA Ha Ilapuc 3a KOHKpeTHaTa CTOMaHa
42CrMo4. BnBeieHa e HHOBAaTUBHA MHTEI'PUPaHa METOJHKA, ChYeTaBald YMC/IeH aHa/Ii3 1
ChBPEMEHHH V/ITPa3BYKOBH TeXHMKM 3a Oe3paspyluuTesieH KOHTPOJI, KOATO IO3BOJIsIBA
Ha/leX/(HA OLIEHKA Ha OCTAaThYHMSA Pecypc ¥ KjIacHu(pUKaLya Ha CbCTOSHAETO Ha LIAPHHPHH
bonroBe. [IpeasioykeHuTe 1OAX0AU Ca C NPAKO NPHIOKEHHE B YKeJie30IIbTHATa HHAY CTPHS,
6e3 HeobX0AUMOCT OT JeMOHTaXk Ha KOMITOHEHTH, U WMAaT IOTeHLHa/l 3a BHeJApsIBaHE B
IIMPOK CHEeKTHP OT MALUMHOCTPOMTE/IHU U TPAHCIIOPTHH CHCTeMH. [TosryyeHUTe pesysiTaTi
Npe/ICTAB/ISIBAT HOBH MOTBBPJUTE/THU U KOJIMYECTBeHU (DAKTH C BHCOKA MPAKTHYECKd
CTOMHOCT.

5. IlpenieHKa Ha IyOIHKaIMUTe 110 JUCEPTALIMOHHMA TPYA. 10 AucepTalMOHHMS TPYA Ca
ny0/MKyBaHU TEeT HAay4Hd CTaTHH, OT KOMTO YeTHPU B HALMOHA/HHM CIeLMaJIi3upaHH
CTIMCAHUS ¥ eJ{Ha B MeXX/IyHapo/ieH pedeprpaH cOOPHUK, KaTO B YTUPH OT TAX JOKTOPAHTBT
e IMbPBHM aBTOP, KOETO MO/AYepTaBa BOJEIIATA MYy POJisi B W3c/efBaHuATa. [TybimikaiuuTe
OTpa3sBaT OCHOBHMTE Hay4HM IIPUHOCH Ha JWCepralMsATa M Ca [MpPe/ACTaBeHH Ha
ABTOPUTETHH HayyHu (OpPyMH, KOETO ChJeiiCTBa 3a TAXHOTO TONy/IApU3HpaHe U
MOTEHIMA/THO [IMTHPAHE OT JPYTH U3C/IeA0BaTe/d B CTpaHaTa U uy»KOuHa.

6. MHeHus, nperopbKy K GeeXxku. [[ucepTaliMOHHHUAT TPY/ € 3a4bJ100ueH, MeToAuYe CKU
000CHOBAH U C BUCOKA HayyHa M MPUJI0KHA CTOMHOCT. HAMaM ChlleCTBeHH 3a0e/esKKH, HO
nperopbuBaM B ObjeIM U3C/IeiBaHKA TIPE/IoKeHaTa MeTo/MKa Ja Obje ajanTipaHa U 3a
JPYTH THIIOBE KOHCTPYKTUBHH €/IEMEHTH M MaTepHa/u.

7. 3aximodueHue. [McepTalMOHHUAT TPYJ Ha Mar. WHXK. ViBanka [lenoBa mpejcTaBisiBa
BHCOKOKAue CTBEHO HAYUHO M3C/IeBaHe C ICHO U3pa3eHH TeOPEeTHYHHU U MPHIOKHH MPUHOCH
B 00/1aCTTa Ha MyKHAaTMHOYCTOHYMBOCTTA HA JIerdpaHyd CTOMAHHU TP Pa3/IMuHH PEXKHUMH Ha
TepmooOpaboTKa. Upe3 ymesio ChueTaBaHe Ha eKCIIePUMEeHTA/THH U3MMTBAHUS], CbBDEMEHHH
Ge3pa3pyLIUTe/IHH METOAM U YKC/IEHO MO/ie/THpaHe, aBTOPBT MOCTUIa 3HAUMMHM Pe3y/ITaTH C
peasiHa MpaKTHYeCkKa NMPUIMKUMOCT B MAalIMHOCTPOEHETO W TpaHcropra. IIpeacraBeHara
pa3paboTKa OTroBaps Ha BCHYKM M3UCKBaHMs 3a JuCepTalysl 3a TMPUCHXJaHe Ha
obpa3soBaTte/iHaTa ¥ HayyHa CTereH "JOKTOp", C KOeTOo IpejjlaramM Ha rMoYMTaeMOTO Hay4yHO
KYpU Jia TIpUCHAM Ha Mar. wHkK. Vpanka [lenosa OHC ,,J0KTOP” 1O MPOGeCHOHATHO
Haripas/ieHue 5.1 MalHHHO WHXKeHepPCTBO, HayvHa CrelMaaHoCT ,[Ipuioxia Mexanuka”.

Hara: 05.08.2025 . YJIEH HA JXYPUTO v
/mipod. n-p Esrenu MBaHos/
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Title of the dissertation: Investigation of Fracture Toughness Parameters of Alloy Steels
under Different Heat Treatment Regimes

Member of the Scientific Jury: Prof. Dr. Evgeni Hristov Ivanov

1. Relevance of the Research Problem in Scientific and Applied Terms

The research problem addressed in the dissertation is of high scientific and practical
relevance, as it directly concerns the durability of structural components made of alloy
steels under dynamic and cyclic loading - a key factor for safety in the transport and
mechanical engineering industries. In the context of intensive operation, especially in
railway transport, the evaluation of fracture toughness under different heat treatment
regimes is essential for predicting the residual life and preventing fatigue failure. The
dissertation adopts a comprehensive approach, including experimental testing, modern
non-destructive evaluation (NDE) methods, and numerical modeling, contributing to the
development of a reliable methodology with practical application. The problem is highly
relevant, and the specific research tasks address both theoretical and applied aspects of
engineering diagnostics and maintenance.

2. Knowledge of the State of the Art and Creative Interpretation of the Literature

The doctoral candidate demonstrates a high level of understanding of the state of the art
through a thorough and in-depth literature review, covering both historical developments
and contemporary achievements in the field of material fatigue and fracture toughness.
The analysis encompasses classical and modern approaches in fracture mechanics,
including fatigue limit assessment, the influence of heat treatment, and numerical crack
growth models. The creative interpretation is evident in the conclusions identifying
research gaps and the need for an integrated approach, which motivated the formulation
of the dissertation’s aims and objectives. The literature analysis serves as a solid
foundation for the innovative solutions proposed in the study.

3. Adequacy of the Methodology with Respect to the Aim and Objectives of the Study
The chosen research methodology is fully aligned with the formulated aims and objectives
of the dissertation. The combination of experimental mechanical testing, modern non-
destructive testing techniques (PAUT, FMC/TFM, FMC/PCI), and numerical modeling
using ANSYS and MATLAB ensures a robust and multi-faceted investigation of the
fracture toughness of 42CrMo4 alloy steel. The obtained results and contributions —
including a validated numerical model, identified critical crack depths, and a developed
integrated methodology for residual life assessment — are a direct result of the
appropriately selected research approach. The methodology is scientifically sound and
practically applicable, confirming its relevance to the research objectives.



4. Scientific and Applied Contributions of the Dissertation

The dissertation presents significant scientific and applied contributions of high value to
both theory and engineering practice. The author develops and validates an original
numerical model for predicting fatigue crack growth, accounting for the effects of heat
treatment and real-life loading conditions, and establishes new relationships within the
framework of Paris’ law for the 42CrMo4 steel. An innovative integrated methodology is
introduced, combining numerical analysis with advanced ultrasonic NDE techniques,
enabling reliable residual life assessment and condition classification of joint bolts. The
proposed approaches are directly applicable in the railway industry without the need for
component disassembly and have potential for implementation across a broad range of
mechanical and transport systems. The findings represent new confirmatory and
quantitative data of high practical value.

5. Evaluation of Publications Related to the Dissertation

Five scientific papers have been published based on the dissertation work — four in national
specialized journals and one in an internationally peer-reviewed proceedings volume. In
four of the publications, the doctoral candidate is the first author, underscoring her leading
role in the research. The publications reflect the core scientific contributions of the
dissertation and have been presented at reputable scientific forums, supporting their
dissemination and potential citation by researchers in Bulgaria and abroad.

6. Comments and Recommendations

The dissertation is thorough, methodologically sound, and of high scientific and practical
value. I have no substantial critical remarks, but I recommend that in future studies, the
proposed methodology be adapted and applied to other types of structural components and
materials.

7. Conclusion

The dissertation of MSc Eng. Ivanka Delova represents a high-quality scientific
investigation with clearly demonstrated theoretical and applied contributions in the field
of fracture toughness of alloy steels under various heat treatment regimes. Through the
skillful combination of experimental testing, modern non-destructive techniques, and
numerical modeling, the author achieves significant results with real-world applicability
in mechanical engineering and transport. The presented work meets all requirements for
the award of the educational and scientific degree “Doctor,” and I therefore recommend
that the esteemed scientific jury confer the degree of Doctor upon MSc Eng. Ivanka Delova
in the professional field 5.1 Mechanical Engineering, scientific specialty “Applied
Mechanics.”

Date: 05.08.2025
MEMBER OF THE JURY: ..... T
/Prof, Dr. Evgeni Ivanov/



