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PELIEH3USI

BLPXY JAUCEPTALOHEH TPY/I 3a MPUI00MBaHe Ha
oGpa3oBaTeNHa ¥ Hay4Ha CTEMEH “IOKTOp”

Aemop na oucepmayuonnus mpyo: mar. utx. Msanka Jlunosa Jlenosa

Tema na Jucepmayuonnua mpyd: Uscneasane napaMeTpHTe Ha MyKHATHHOYCTOH-
YHBOCT IIPH JIETUPAHU CTOMAHH 3a pa3iuyHUTe PEKUMHU Ha TepMoobpaboTka

Peyenzenm: npod. a-p umx. Bacun JluMuUTpoB 31aTaHOR

1. AKTyaJHOCT HAa pa3pa0oTBaHHSA B JHCePTALHOHHHS TPYA mpodiieM B
HAYYHO W HAYYHONPHJIOXKHO oTHomenne. CremeH W HHMBAa Ha
AKTYaJIHOCTTA Ha mpobiemMa M KOHKpPETHHTE 3aJavH, pa3paboTeHu B

AHCEPTALUATA

EneMeHTHUTe Ha MalIMHUTE M ChOPHKEHUSITA B Ipolleca HA eKCNJoaTalnusa ca
MO/JIOKEHM Ha pas3IMuHMU HaToBapBaHuA. HajexHOCTTa Ha KOHCTPYKIIMOHHUTE
eJIeMEeHTH, a M Ha MallMHUTE W ChOPBXKEHUATA KaTo 1dJ10, ce ompejess npeau
BCMYKO OT TAXHaTta  paboTocnocobHocT. [JIaBHMAT  KpUTEpUH  Ha
pa60TOCHOC06HUCTTa Ha MaIlIMHHHUTE eJIEMEHTHU € SfAKOCTTA. B 3aBucumMocT OT
XapakTepa Ha HaTOBapBaHETO Ce HabJojaBaT KOHTaKTHa M obeMHa fKOCT,
CTaTHU4Ha AKOCT, yjapHa SIKOCT, AKOCT NPH NPOMEHJIMBY HanpexeHus. XapakTepbT
Ha paspylleHHATa B MaNIMHOCTPOEHETO MOKa3Ba, 4e 0Ko0jo 80% oT TAx ca B
CIe[ICTBHE Ha yMOpa Ha MaTepHasia 10/ JeHCTBUETO Ha [UKJIMYHM HaTOBapBaHHA.
Tas® CTaTHCTUMKA OIpeje]id yMopaTa Ha MaTepuaja Karo eJWH OT Hau-
CBIECTBEHUTE NPO6JEMH, CBBP3aHHM C HaJEKJHOCTTA HA KOHCTPYKIIMOHHMUTE
eneMeHTH. 06eKT Ha M3C/e[BaHE B JIUCEpPTAlMOHHUS TPYA € pecopeH OOJIT,
M3MOJI3RAH B MO/BIKHUA kKeJsiesonbTeH cbeTtaB Ha B/, TloctaBenuTe 3aza4m 3a
M3I'bJIHEHUE B JAMCEPTALMOHHUA TPYJ, NOAYMHEHM Ha TMOCTaBeHaTa Lex -
pa3paboTBaHe Ha MHOBaTMBHA TEXHOJOTHSA 3a M3paboTka Ha pecopeH GOIT,
rapaHTUpal] [OCTHUraHeTo Ha Io-GesomaceH U 10-6bp3 eJEeKTPOTPAHCIOPT,
cjegBdrT HEOGXO,ELPIMaTa JIOTH4YeCcKa IIocjeJ0BaTeJIHOCT l'[p?[ TeOpE.‘TP[‘iHPITe H
eKCepUMeHTaNHUTe u3ciaeaBanus. ToBa MU /laBa OCHOBaHKE /ia 384, Ye TeMaTa
Ha JUCEepTALMOHHUSA TPY/| € aKTya/iHa, KaKTO B Hay4HO, TaKa ¥ B Hay1HONPHJIOKHO

OTHOIIECHHE.



2. Crenen Ha NO3HABAaHE CBLCTOSHMETO Ha mpobjemMa H TBOp4YecKa

HHTepPNpeTAIHs HA JUTEPATYPHHUSI MATEPHAIT

IlpescTaBeHUAT AUCEPTALLMOHEH TPY/ € pasBUT Ha 136 KOMIIOTBPHO HAHCAHH
ctpaHuii. CbhAbpiKa MET IJIaBH, 3aK/JI4YeHUe, 6ubauorpadusa. Baoxkenu ca 82
¢burypr v 19 tabnuiy. JluTepaTypHaTa cnpaBka, ob6xramiaia 99 U3TOYHMKA, OT
KouTo 11 Ha kupuauna W 88 Ha slaTuHunNA. Hakpass gucepTallMOHHHUAT TPYA
3ap’bpIIBa C IOCTUIHATHTE HAyYHONPHJIOKHH U PUJIOKHH MPHUHOCH M CIIMCHK Ha
NyOJMKallMMTe Ha aBTOpa MO AWcepTalysaATa - MeT Ha 6poi. [I'bpBa raasa uma
0630peH xapakTep. HanpaBeH e 3ab/1604€H aHa/Iu3, OCHOBaH Ha ZlocTaTbyeH 6poit
JIUTEpaTypHHU M3TOYHMIY, HA 3HAHUATA B 006J1aCTTAa Ha ymMopaTa Ha MaTepuana,
pacTexa Ha NYKHaTMHMTE M MeXaHUKaTa Ha paspyllaBaHeTO Ha MaTepHana U B
4aCTHOCT HAa KOHCTPYKIMOHHU eJIEeMEHTH B MOJIBKHHSA KeJIe30I'bTeH CbhCTaB.
Iloagpo6HO ca pasriefaHd M YJATPa3BYKOBHUTE METOAM 3a OGe3paspylluTeseH
KOHTpOJI. TOYHO U ACHO ca aHANM3UPAHU U OIEHEHW HAYUYHUTE MOCTHIKEHUS B
M3cae/BaHaTa 00J1acT.

Bcuuko ToBa nokasBa, 4e JJOKTOPaHTKaTa MHOIO J0o6pe Mmo3HaBa ChCTOAHHETO

Ha nnpob6JieMa 110 TeMaTa Ha AHUCEePTAIMOHHUA TPY/.

3. ChorBeTcTBHE Ha H30paHATa METOAMKA HA M3C/elBaHe ¢ MOCTABEHATA
eI ¥ 321a49H HA JHCePTALMOHHHUS TPYA

®opmysnpaHaTa 1es B JUCEPTALMOHHUS TPY/| U3UCKBA PElIaBaHETO Ha IET
OCHOBHHM 3aJauM. Bb3npueTuaAT nogxo[ 3a TAXHOTO pellaBaHe HaJara Jia ce
NpoBeJaT MeXaHW4YHHM HU3NUTAHUA BBPXy o00pasuud oT croMmaHa 42CrMo4,
M3I0JI3BaHa 3a pecopHuTe 6oaToBe 3a BJMK; paspaboTBade Ha ekcliepuMeHTaNIHA
MEeTO/0JIOTHsl 3a NMIPOBeX/JaHe Ha 6e3pa3pyluTesIeH KOHTPOJ BBPXY 6e3pe360BHU
6osnToBe, usnosssanu ot B/IXK; paspaboTBaHe Ha YMCIEHO MO/ie/IHpaHe Ha YMOPHHU
IYKHAaTHHHA B PECOPHUTE OOJTOBE, ChYETAHO C AHAJUTUYHOTO UM OIpeJie/IsaHE;
pa3paboTBaHe Ha NPUJIOKHA METOJMKA 33 TeXHHYEeCKa OLeHKa, JUAarHOCTHKA U
IPOrHO3WPaHE HAa OCTAT'bYHHUSA PeCypcC Ha U3C/Ie/JBAHUTE PECOPHU GOJITOBE. 3a /ia ce
OCBIIECTBH HabenA3aHUA B [AUCEPTAllMOHHUA TPY/J MOJAX0J Ca H3MMOJ3BaHMU:
yHHUBepcasieH TBbpaoMep mozen TH-140; ceetnuHen mukpockon ,Polyvar Met";
cepBoXHUApaBavdYHa wu3nuratrenHa wmamuHa HA-250 wna Zwick/Roell cbe
cnenmanusupan codpryep TestXpert IlI; msnuratenna mamuza tan MYU-6000;
YATPa3BYKOB JledpeKTOCKON ¢ 64-kaHa/iHA Napajie/iHa apXUTeKTypa, U3I0J3Bala



copryepa Capture v4.1; copryepnu nporpamu u naketu — CIVA NDE Simulation
Software, ANSYS, MATLAB.
MetosukaTta Ha M3C/leJBaHETO CbLOTBETCTBA Ha H36paHUs MOAXOA 3a

NOCTUIraHETO Ha NMOCTaBEHATAa LieJ1 ¥ 3a PelllaBaHe Ha 3aJa4YiTe B JUCEpPTAaLlMOHHUSA
TPYA.

4. KpaTka aHa/JlMTHYHA XapaKTEePHCTHKA HA €CTECTBOTO H OIEHKA Ha
AOCTOBEPHOCTTA HA MAaTepPHAJIa, BLPXY KOHTO ce rpaasaT NPHHOCHTE HA
AHCEPTALHOHHUS TPYA

B rsaBa mbpBa e HanpaseH 0630p Ha 3HaHMUATAa B 06JlaCTTa Ha yMopaTa Ha
MaTepHaJjia, KaTO OCHOBHO cCa pasrjiejaHl Hay4YHHUTE HY6JIPIK&L[I/]H, CBbpP3aHH C
MEeXaHUKaTa Ha paspyliaBaHe U YJATPa3BYKOBUS 0e3pa3pylIUTesNIeH KOHTPOJ NMPU
KOHCTPYKI[MOHHHUTE e€JIeMEHTH, H3M0J3BaHW B [MOJBMXHHUA CbCTaB Ha
Kesie3onbTHUA TpaHcnopT. Ha 6azata Ha HampaBeHUTe U3BOAM € GOopMyJupaHa
LeJITa Ha JUCEePTALMOHHHUA TPYA U ca ONpeJieJIeHHU NeTTe OCHOBHH 3ajladyd, KOUTO
TpA6Ba Ja ce pelar. ['JlaBa BTopa e NocBeTeHa Ha OLIEHSBAHETO Ha MEeXaHWYHUTE
XapaKTepUCTHKH Ha JerdpaHara croMadHa 42CrMo4, wusnmos3BaHa mpu
NPOU3BOJICTBOTO Ha pecopHuTe 6Gonrtoee 3a B/XK, npeau u cien pasiuvHH
TEPMHUYHH U XHMHKO-TePMHYHH 06paboTku. llenTa e ga ce ycraHOBU BIMAHHETO Ha
CTPYKTYPHUTE INPOMEHH OT TepMoo6paboTKaTa BBPXY TBBPAOCTTA, SAKOCTTA,
yZlapHaTa yCTOWYHMBOCT, MOBEJEHHETO NPHU yMopa Ha Marepuana. Ilosyyenure
eKCIepuMMeHTaNHU JaHHU ca HeobXOoAWMM 3a TMO-TPenM3HO MOoJe/IMpaHe Ha
OCTaThb4HHUA JKUBOT Ha pecopHHUTe 60aTOBE, NpousBexgaHu 3a B/I2K. B Tpera rnasa
e [Ipe/icTaBeHa pa3paboTeHaTa eKCliepyMeHTa/lHa METO/I0JIOTH 3a IIPOBEXKAaHe Ha
Oe3paspylIMTe/iIeH KOHTPOJ BBPXY 6e3pe3GoBU 6GOJITOBE 3a KeJe30NbTHHUSA
TpaHcnopT. OnpejiesieHy ca napaMeTpUTe Ha YJITPa3BYKOBHS METOJ 33 KOHTPOJI,
OCHTypsBallld KOJHYECTBEH aHa/lM3 Ha YMOpPHUTEe IYKHAaTUHU MW BUCOKa
HaJEXKIHOCT IPH PaHHOTO HMM OTKpPHBaHE B KPUTHUYHHATE KOMIIOHEHTH Ha
TO/IBMDKHUS KeJIeSOI'bTeH ChCTaB. B deTBBpTa ryiaBa € NpejcTaBeHO YHCIEHO
MoJieJIMpaHe Ha pacTeXXa Ha YMOPDHMTE IIYKHAaTHUHHU B M3CJeJBAHUTE PECOPHHU
6osiTOBE IpH pa3/M49YHH TEXHOJOIHYHH H €KCIJIOATAlHOHHH YCJ/OBHs. YucieHaTa
CUMYJIallMs Ha pacTea Ha IYKHATUHUTeE, OChLIeCTBEHA Ype3 NPorpaMHUs NPOYKT
ANSYS Workbench, e cpaBHeHa ¢ pe3yaTaTuTe, IOJyYeHH Ha OCHOBA HAa 3aKOHA Ha
[lapuc B cpepmata Ha MATLAB, B mnocinepnatra mera rsiasa e Impe/cTraBeHa

pa3pa60TeHaTa METOJHKA 3d TEXHUYECKA OLI€HKaA, JUarHOCTHUKa M IPOrHO3HpPAHE Ha



OCTAaT'BYHHUS pecypc Ha U3CJe[BaHUTE pecopHH 6GosToBe. HU3cneaBanusATa OT
JucepTalnuaTa ca U3BBbPLIEHH B JabopaTopuuTe Ha Kateapa ,Mexanuka“ na TY-
Codus, dunman [lnoBaus u Ha UHcTHTyTa 10 MexaHuka KbM BAH. PesysntatuTe oT
JIMCepTallMOHHUA TPY/ ca Npe/iCTaBeH! Ha 3ace/laHue Ha KaTeapa ,MexaHuKa“, Ha
HallMOHA/HU KOHQEepeHIIMY U Ha MeX/IyHapo/IHa KOHepeHITus.

ToBa e ocHoBaHHe Jia ce MpUeMaT 3a JJ0CTOBEPHU MAaTEPUAIUTE U PE3yJITATUTE,

BbPXYy KOHUTO Ca U3rpajJieHH IPUHOCHTE.
S. OcHOBHH NPUHOCH

[IpruHOCHTE B AiCEpPTALIMOHHUSA TPy MOraT Aa 6'bJaT OTHECEHHU K'bM /JIBE IPYIIH:
Hay4YHOIIPpHUJIOKHH U NIPHUJIOX)KHHU NPHHOCH. I'I'praTa I‘pyua HpI/IHOCP} Ce€ OTHACAT A0
YHUCJIEHOTO MOJleIMpaHe Ha pacTeXa YMOPHUTE NYKHATUHU B PECOPHUTE GOJITOBE
oTr croMaHa 42CrMo4 B cpepara Ha ANSYS, onpejenssHeTO Ha KPUTUYHHUTE
,[l'bﬂﬁO‘{I/IHI/I Ha NYKHAaTHHHUTE M OCTAThYHUA XXKHUBOT Ha 6OJTTOBETE IIpHU pa3JIM4yHH
peXMMH Ha TepMo0oOGpaboTKa nocpe/cTBOM 3akoHa Ha [lapuc, uHTEerpyupaHeTo Ha
CbBpEeMeHHUTEe MeTOAU 3a 6e3pa3pyliuTe/IeH KOHTPOJ B KOMOUHHMPaHa METO/IHUKA
3a IMarHOCTHUKA, aJITOPUTBEM 32 KJIaCHPUKalMA HA ChCTOSTHUETO Ha GOJITOBETE 3a
paHHa OLleHKa Ha pHCKa OT pa3pylIaBaHEe. BTopaTa rpyiia npvHOCH Ce€ OTHAaCAT A0
MOAXOJ, ¥ METOJIMKa 33 KOHTPOJI WM MPOTHO3UpaHe Ha OCTAaThYHHUA pecypc Ha
U3c/e/JBaHUTE PECOPHH OOJITOBE, KOATO MOXKE /ia Ce afjaliTHpa ¥ 3a JPyry Bb3JU B
TPaHCNOPTA U B O MPHUHLIUN B MAIIMHOCTPOeHeTo. [ToslyyeHuTe pe3yaTaTd MoraT
Aa Ce OLleHAT KaTo OpI/II‘HHaJIHH.

Ilpuemam ¢opmMmysupanuTe HAYYHM MW HAYYHOIPHWJIOKHH I[PHUHOCH OT

AOKTOPAHTKATA, OTpa3dBalllk PE3YJITATHUTE Ha U3BBPIICHATA OT HEA DHGOTa.
6. OueHka 3a cTeneHTa HA JIHYHOTO YJacTHe Ha JOKTOpaHTa B IPHHOCHTE

JlokTopaHTKata Mar.uHx. Mpanka Jlunoea Jlemoa paGoTu B kaTejpa
+Mexanuka“ B TVY-Codusa, ¢unman Ilnopaue ot 2021r. Ilpes To3u nepuop B
Hay4HaTa cpeJia Ha KOJIEKTHBA Ha KaTeJpaTa T4 Ceé U3rpaJid KaTO Hay4YEeH paﬁoTHlfIK,
KOMTO MOe NpPaBHJIHO Ja aHaJd3dpa M pellaBa HayyHd Mnpobsemu. Tesu
KOHCTAaTal[UM CH 6a3upaT U Ha JIMYHHUTE MU BIleyaTJieHusa oT paborara u. [lopagu
TOBa a3 HAMAaM CbMHEHUA B JIMYHUA NPUHOC HA JOKTOpPAHTKATa Mar.uHx. MBaHka
Jlunosa JlenoBa B pa3paboTBAHETO HA JHCEpPTANMATa M B NPHUHOCHATE Ha

JIUCepTallMOHHUSA TPYA,.



7. llpeneHka HA NyOAHKANMHUTE NO AUCEPTANHOHHHUS TPYA

[y6uKaluMUTe 10 JUCEPTALMOHHMA TPY/A Ca NeT U B TAX €a 0TPa3eHH OCHOBHHUTE
pesayataty orT Hero. YeTHpu OT nybaMKanuuTe ca JOKJajBaHu Ha ,/JJHH Ha
MexaHuKaTa" BbB BapHa W ca my6aMKyBaHU B cn. ,MexaHMKa Ha MallMHUTE" U
,2MamuHocTpoeHe U MallMHO3HaHKe". EfHa 0T nyO/JuKaluyTe € JoK/IaZBaHa Ha
MeXAyHapoAHa KoHepeHLMs B JlaTBus#A, BKJW4YeHa B 6asaTa JaHHHU ScCOpus.
XapakTepbT Ha U3/JaHUATA [I0KA3Ba, 4e HayYHaTa OOIHOCT € MMaJia Bb3MOXHOCT
Ja ce 3amo3Hae C OCHOBHHTe pe3yJTaTH OT JucepTanydoHHus Tpyxa. Hama
npejcTaBeHd JOKYMEHTH 3a I[MTHpaHe OT Jpyru aeTopu. Iloxkputu ca
MHHMMaJIHUTE U3UCKBaHUA oT rpyna [, onpezsenenn B [IpaBuiHMKa 32 yCIOBUATA U

pejaa 3a npujo6uBaHe Ha HayyHH cTeneny B Texuuyeckus ynusepcutet — Codusi.

8. M3noJi3BaHe Ha pe3yJITATHTE OT AHCEPTALHOHHHS TPy B HAYYHATA H

COIHAJHATA NPAKTHKA

PesyntaTuTe oT paGoTaTa MO JAUCEPTAlMOHHUA TPYJ JONPHHACAT 3a IO-
106poTo pazbupaHe M MPAaKTUYECKOTO NPUJI0KEHHE Ha IPOLECHTE Ha pa3pyliaBaHe
OT yMOpa Ha MaTepuaja IpH OOJTOBHTE CheJHWHEHHs OT JierMpaHa CTOMaHa.
Paspa6oTeHara MeTO/JMKa e Olle eJuH MHCTPYMEHT 3a OlleHKa Ha ChCTOSHHETO U
YABIKABAHETO HA EKCIUIOATAIMOHHUS JKUBOT Ha MAIIMHHUTE eJIeMeHTH.
Heo6xonuMo e fia ce oT6esexu, 4e B AUCEPTALMOHHUA TPYJ MMa MOTeHLMan 3a
6bJelM HAYYHU U HAYYHONPUJIONKHHU M3C/IeJBaHuA, BKIIOYMTENHO U Ha 6asa Ha
HaTypaJIHUTEe eKCIepuMeHTH. B MaTepuannTe no nponeayparta He ca Ipe/ICTaBeHH

JOKYMEHTH 33 NOCTUTHAT NPAK HKOHOMHYECKH e(bel{’r.

9. Onenka Ha CHLOTBETCTBHETO Ha aBTopedepara ¢ HM3MCKBAHHMATA 32
H3rOTBAHETO MY, KAKTO H Ha aJeKBaTHOCTTA Ha OTpa3siBaHe Ha
OCHOBHHTE MOJIOKeHHSI H MPHHOCHTE HA JHCEPTANMOHHHS TPYA

ABTopedepaThbT OTTOBapsA Ha U3MCKBaHWsATA Ha I[IpaBHJIHKKA 3a yC/IOBUATA H

peza Ha npuo6uBaHe Ha HayyHU cTenieHd B TY - Copusa. OTpaseHu ca B JO0CTaTbYHA

II'bJHOTA CbAbpPXKaHMETO Ha JUCepTAlHOHHHWUA TPYA M Ca IOCOYCHH OCHOBHHTE

pe3yaTaTH U IPHMHOCH B HETO.
10.MHenus, npenopbKH H 0eJIesKKH

KbM paspaGoTeHHs AUCepTAllMOHEH TPYJ, MOrar /Ja Ce HampaBAT CJIe/JJHUTE

6esIeXKKU U IPeNnopbKU:



e Heob6xoauMo €, B ChOTBETCTBHE ¢ u3UcKBaHuATa Ha 3PACPD, osnayenusaTa
BbB Qurypure ia 6b/1aT ¥ Ha 6bArapCcKH e31K. ToBa H3HCKBAHE Ce OTHACHA 3a
HAKOU OT npuioxeHurte ¢urypu B [nasa I - ¢ur.1.5, ¢ur.l.7, ¢ur.1.8,
¢ur.1.10;

e VMa TeXHHYECKH U IPABONKMCHHM IPEIIKY — Ha CTP. 14 e 3an1McaHo 3a/[BM>KBaHA
Y He3aJBHXKBaHH OCH, KOETO He KOpeClOHJUpa C IpyueTaTa TEPMHUHOJIOTUA;
Ha cTp. 44 e mocoyeHa KaTo JaTra 3a cepTdHUIMpaHe Ha YHUBEpPCAIHHS
TebpAomMep 03.04.2025r.,; ¢wur.2.4, ¢ur.2.10, ¢ur.4.1 ca orbesA3aHu KaTo
CXeMH, a Te nmpejcTaBasBat yepTexu. [Ipegpuj obema Ha AUcepTALHOHHHSA
TPYZA OPOAT Ha Te3U IPEIlKU € He3HAYUTEJIEH;

e He e nmocoyeHo Kb/le € HalpaBeH aHa/IM3a Ha XUMUYeCKHA ChCTaB Ha CTOMaHa
42CrMo4 nHa ctp.43. JluncBa purypa, KoATO Aa MpPeACTaBH Bb3esa, YUUTO
eJIeMEHT € PeCOpPHHAT GOJT M OT KBJAEeTO Ja Ce IMOJy4Yd NpeAacTaBa 3a
HEroBOTO HaToBapBaHe. B uesTa Ha AucepTalMOHHHA TPpyJ Ha cTp.4l e
3anMcad KaTo 0OeKT Ha W3CJeJlBAaHETO pecopeH OOJIT, a cjaeJ] ToBa ce
M3M0/13Ba LIapHupeH 6GoaT. HepoctaTh4HO TOYHO M B HeobxojumaTa
'bJIHOTA ca MPeJCTaBeHH BXOAHUTE NapaMeTpH npu cumyananuaTa B ANSYS.

HacToamusaT AucepTalMoOHEeH TPY/, MOXKe /ia Ce M3I10JI3Ba OT aBTOPA KaTO OCHOBA

3a O'bjleniaTa My Hay4yHa JeHHOCT.

11.3axn04eHne.

OcHoBaBaliKM ce HA IpeJICTaBeHaTa JOKYMEHTAIMA U Ha U3B'bPIIEHMS aHA/IU3 Ha
JMCEPTAIMOHHUS TPYA Y MOJy4eHUTe HAyYHHU U HAYYHOMPHUIOXKHU IPUHOCH B HETO,
cyMTaM, Ye Te oTrosapAT Ha usnckBaHuATa Ha 3PACPB u na llpaBuinnuka 3a
YCI0BUATA U peJia 3a puAo0KuBaHe Ha Hay4HU cTenenu B TY - Cous. ETo 3aio cu
M03BOJIABAM Jia NpejJjoXka Ha mourraeMoTo Crnenuaad3zvpaHo HAY4YHO XKypH A3
IpUCHAA Ha aBTopa Mar.uHX. VBanka Jlunosa Jlenosa o6pasoBaTesiHaTa U HayYHa
CTeleH AOKTOP [0 HayyHa crenuassoct ,JIpuioxkHa MexaHuKa“ oT npoQeCMOHaIHO
HanpagpseHue 5.1 MamyHHO MHXXEHEPCTBO B 06/1aCT Ha BUCHIETO o6pasoBaHue S.

TexHHYeCKH HayKHU.

18.08.2025 PenenseHt:
/upod. a-p urx. B. 355'1‘53613/7 .
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OPINION

for dissertation work on acquisition educational and scientific degree "doctor"
The author of the dissertation: Mast. Eng. Ivanka Lilova Delova

Thesis topic: Investigation of crack resistance parameters of alloy steel for various
heat treatment modes

Scientific Jury Member: Prof. Eng. Vassil Dimitrov Zlatanov, PhD

1 Relevance of problems developed in the dissertation work in scientific
and scientific-applied terms. Degree and levels of relevance of the
problem and specific tasks developed in the dissertation

The elements of the machines and the structures are subjected to various loads
during operation. The reliability of structural elements, as well as machines and
structures in general, is primarily determined by their operability. The main criterion
for the operability of machine elements is strength. Depending on the nature of the
load, contact and volumetric strength, static strength, impact strength, and strength
under alternating stresses are distinguished. The nature of failures in mechanical
engineering shows that about 80% of them are the result of material fatigue under
the influence of cyclic loads. These statistics identify material fatigue as one of the
most significant problems related to the reliability of structural elements. The
subject of the research in the thesis is the spring /hinge/ bolt used in the rolling stock
of BDJ. The tasks set in the dissertation work, subordinated to the goal set-the
development of an innovative technology for manufacturing a spring bolt, which
guarantees the achievement of safer and faster electric transport, follow the
necessary logical sequence in theoretical and experimental research. This gives me a
reason to state that the topic of the dissertation is relevant both in scientific and

applied terms.

2 Degree of knowledge about the state of the problem and creative

interpretation of literary material

The dissertation is compiled on 136 computer pages. Contains five chapters,
conclusion, bibliography. It contains 82 figures and 19 tables. Literary reference,
covers 99 literary sources, of which 11 in Cyrillic and 88 in Latin. The dissertation
work ends with the achieved scientific and scientific applied contributions and the
list of publications of the author on the dissertation - five pieces. The first chapter is

of an overview nature. A deep analysis was made, based on a sufficient number of

7



literary sources, about knowledge in the field of material fatigue, crack growth and
mechanics of material destruction, and, in particular, structural elements of a rolling
stock. Ultrasonic methods of non-destructive testing are also considered in detail.
Scientific achievements in the area under study are accurately and clearly analyzed
and evaluated.

All this indicates that the graduate student knows very well the state of the
problem on the topic of dissertation work.

3 Compliance of the selected research methodology with the goal and

objectives of the dissertation

The formulated goal in the dissertation requires the solution of five main
problems. The adopted approach to their solution requires mechanical tests on
samples of 42CrMo4 steel used for BD] spring bolts; development of an experimental
methodology for nondestructive testing of noncutting bolts used by the BDJ;
development of numerical modeling of fatigue cracks in resource bolts in
combination with their analytical determination; development of an applied
technique for technical assessment, diagnostics and prediction of the residual service
life of the investigated spring bolts. To implement the approach outlined in the
dissertation work, the following were used: universal hardness meter of the TN-140
model; light microscope "Polyvar Met"; Zwick/Roell HA-250 servo hydraulic test
machine with dedicated TestXpert III software; MUI-6000 type test machine;
ultrasonic flaw detector with 64-channel parallel architecture using Capture v4.1
software; software programs and packages - CIVA NDE Simulation Software, ANSYS,
MATLAB.

The research methodology corresponds to the chosen approach to achieving the

set goal and solving problems in the dissertation.

4 Brief analytical description of the essence and assessment of the

reliability of the material on which the contribution of the dissertation is
based

The first chapter provides an overview of the knowledge of material fatigue.
scientific publications related to fracture mechanics and ultrasonic non-destructive
testing in structural elements used in railway rolling stock are mainly considered.
Based on the conclusions obtained, the purpose of the dissertation was formulated

and five main tasks were identified that need to be solved. The second chapter is



devoted to the assessment of the mechanical characteristics of 42CrMo4 alloy steel
used in the production of spring bolts for BD], before and after various thermal and
chemical-thermal works. The goal is to establish the effect of structural changes in
heat treatment on the hardness, strength, impact resistance, fatigue behavior of the
material. The obtained experimental data are necessary for more accurate modeling
of the residual service life of spring bolts produced for BD]J. The third chapter
presents the developed experimental methodology for conducting non-destructive
control of noncutting bolts for railway transport. Parameters of ultrasonic control
method providing quantitative analysis of tired cracks and high reliability of their
early detection in critical components of railway rolling stock are determined. The
fourth chapter presents a numerical simulation of the growth of tired cracks in the
spring bolts under study under various technological and operational conditions.
Numerical modeling of crack growth carried out using the ANSYS Workbench
software product is compared with the results obtained based on Paris' law in the
middle of MATLAB,. The last fifth chapter presents the developed methodology for
technical assessment, diagnosis and prediction of the residual life of the investigated
spring bolts. Dissertation studies were carried out in the laboratories of the
Department of Mechanics of TU-Sofia, Branch of Plovdiv and the Institute of
Mechanics of the BAS. The results of the dissertation are presented at a meeting of
the Department of Mechanics, at national conferences and at an international
conference.

This is the basis for recognizing the materials and results on which the materials

are compiled as reliable.
5 Main contributions

Contributions to the dissertation can be attributed to two groups: scientific-
applied and applied. The first group of contributions relates to numerical modeling
of the growth of tired cracks in 42CrMo4 steel spring bolts in the middle of ANSYS,
determination of critical crack depths and residual service life of bolts under various
heat treatment modes using Paris' law, integration of modern non-destructive
testing methods into a combined diagnostic technique, an algorithm for classifying
the state of bolts for early assessment of the risk of destruction. The second group of
contributions refers to the approach and methodology for monitoring and predicting
the residual life of the spring bolts under study, which can be adapted to other nodes



in transport, and mainly to mechanical engineering. The results obtained can be
assessed as original.
I accept the formulated scientific and applied contributions to the graduate

student, reflecting the results of her work.

6 Assessment of the degree of personal participation of the graduate
student in contributions

Graduate student Mast. Eng. Ivanka Lilova Delova has been working at the
Department of Mechanics in TU-Sofia, Branch of Plovdiv since 2021. During this
period, in the scientific environment of the department team, she has developed as a
scientist capable of correctly analyzing and solving scientific problems. These
conclusions are also based on my personal impressions of the work. Therefore, I have
no doubts about the personal contribution of the graduate student Mast. Eng. Ivanka
Lilova Delova in the development of the dissertation and in the contribution of the

dissertation.
7 Evaluation of dissertation publications

There are five publications on the dissertation, they reflect the main results of the
dissertation. Four of the publications were presented in the "Days of Mechanics” in
Varna and published in the journal "Mechanics of Machines” and "Mechanical
Engineering and Machine Science.” One of the publications was presented at an
international conference in Latvia, included in the Scopus database. The nature of the
publications indicates that the scientific community had the opportunity to
familiarize themselves with the main results of the dissertation. There are no
documents to cite other authors. The minimum requirements of group T, defined in
the Rules of conditions and the procedure for acquiring scientific degrees at the

Technical University - Sofia, are completed.
8 Use of dissertation results in scientific and social practice

The results of the dissertation work contribute to a better understanding and
practical application of material destruction processes in bolted joints of alloy steel.
The developed technique is another tool for assessing the condition and extending
the service life of machine elements. It should be noted that the dissertation work
has the potential for future scientific and scientific-applied research, including on the
basis of natural experiments. The materials of the procedure do not provide

documents to achieve a direct economic effect.
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9 Assessment of the correspondence of the author's abstract to the
requirements of its compilation, as well as the adequacy of reflecting the
main provisions and the contribution of the dissertation

The author’s abstract meets the requirements of the regulations on the conditions

and procedure for acquiring scientific degrees in TU-Sofia. The content of the
dissertation is fully reflected and the main results and contributions to it are

presented.
10 Opinions, recommendations and comments

The following comments and recommendations can be attached to the
dissertation.:

* It is necessary that in accordance with the requirements of the ZRASRB, the
designations in the figures are also in Bulgarian. This requirement applies to some
figures given in Chapter I-Fig. 1.5, Fig. 1.7, Fig 1.8, Fig. 1.10;

* Technical and spelling errors - on page 14, driven and non-movable axles are
recorded, which does not correspond to the accepted terminology; on page 44 is
indicated as the date of certification of the universal hardness meter 03.04.2025;
Fig.2.4, Fig.2.10, Fig.4.1 are marked as diagrams and they are drawings. Given the
volume of dissertation work, the number of these errors is negligible;

* It is not indicated where the chemical composition of steel was analyzed
42CrMo4 at page 43. There is not enough figure to represent the node whose element
is the spring bolt and from where you can get an idea of its load. In the Purpose of the
dissertation on page 41, a spring bolt was registered as an object of study, and then
a hinge bolt was used. The input simulation parameters in ANSYS are not sufficiently
accurate and complete.

This dissertation can be used by the author as the basis for his future scientific

activity.

11



11 Conclusion

Based on the submitted documentation and on the analysis of the dissertation and
the scientific and applied contributions received in it, I believe that they meet the
requirements of the Law on the Development of the Academic Staff in the Republic of
Bulgaria and the Rules on the conditions and procedure for acquiring scientific
degrees in Technical University-Sofia. Therefore,  will allow myself to propose to the
honorable specialized scientific jury to award the author Mast. Eng. Ivanka Lilova
Delova educational and scientific degree of doctor in the scientific specialty "Applied
Mechanics" of the professional direction 5.1 Mechanical engineering in the field of
higher education 5. Technical sciences.

DATE: 18.08.2025 MEMBER Of THE JURY:
T
/ Prof. Eng. Vassil Dimitrov Zlatanov, PhD /
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