PEOEH3UA

BHPXY JAMCEpPTALMOHEH TPy Ha Tema ,,BUCOKOXpOMOBHU UYT'yHHU, JIETUPAHU C
0op* 3a mpupoOrBaHe Ha oOpa3oBaTeIHA U HAyYHA CTEIEH ,,JOKTOP”

ABTOp HA IUCEPTAIMOHHUSA TPYA: mar. uuk. Kpacumup AtranacoB Kupos

Tema Ha nMcepTAIMOHHMSA TPYA: BucokoxpoMoBH Oeny YyryHH, JISTUPaHU ¢ O0p
OoJaacr: 5. TexHuyecku HayKu

IIpodecnonanHo HaNIpaBJIeHUE: 5.1. MammHHO WHKEHEPCTBO

Hayuyna cnenmuaJjHoct: Martepurano3HaHue U TEXHOJIOTHS Ha

MalIMHOCTPOUTCIHUTE MaTCPUAIIN.

Peuensent: npod. n1-p PymsnHa Jlazaposa

1. AKTyajJHoCcT Ha pa3pa0doTBaHusl B JMCEPTALMOHHUSI TPYA NpodjeM B HAYYHO U
HAYYHONIPHJIOKHO OTHOmeHHe. CTemeH M HMBAa HAa AaKTYaJHOCTTa Ha mnpodjaeMa H
KOHKPETHHTE 3a1a4H, pa3padoTeHH B JUCEPTALUATA.

Bucokara H3HOCOYCTOMYMBOCT Ha OenuTe YYryHH € IpEeANloOCTaBKa 3a TAXHOTO HIMPOKO
U3MO0JI3BaHE 3a JIeTailli Ha MallMHU M MEXaHW3MH, NOMJOXKEHH Ha HMHTEH3UBHO M3HOCBAHE.
CpueTaHMETO Ha BHUCOKAa M3HOCOYCTOMYMBOCT C BHCOKM MEXAHWYHHU CBOMCTBAa M TBBPIOCT IIBK
o0ycnaBsi IPUI0KEHUETO Ha YYT'YHH C €BTEKTHUYEH ChCTaB Ha 0a3aTa Ha cHeLUalHU KapOUIu B
MAIIMHOCTPOCHETO ¥ TU NpaBH MNEPCHEKTHBEH KOHCTPYKIMOHEH Marepuasn. MHOBaTMBHOTO
KOMILUIEKCHOTO JIETUPaHe, TEXHOJOIMM 3a JIeeHe M TepMHuYHa 00paboTka Ha OenuTe 4yryHH
NpEeACTaBIsIBAT BCE OlIE€ HEAO0Ope H3CIIEABAaHO HAy4YHO IOJE€ B METAJO3HAHMETO, KOETO JaBa
BB3MOKHOCT Ha H3CJIEAOBATENUTE [Ja TIOJydaT HOBU EKCIIEPUMEHTAIHU JaHHH, HOBHU
3aBUCUMOCTH U IO-7I0O0pM CBOMCTBA HA TE3M MaTepualM, a BCEACTBHE Ha TOBa M HOBHU
NPWIOKEHUS Ha OeluTe YyryHU. B ToBa OTHOIICHME JIETHPAaHETO Ha BUCOKOXPOMOBH UYT'YHH C
00p, KbM KOETO Ce€ € HAcCOYMJI JIOKTOPaHTBT, c€ OKa3Ba OnaromatrHa tema. Ilopaau Bcuuko
TOBAa CyuTaMm, 4e  pa3paOOTBaHUs B JUCEPTALMOHHMUS TpyA MpoOJeM B HAydyHO U

HAaYYHOIIPUJIOKHO OTHOIICHHUEC € aKTYaJICH.

2. CreneH Ha MO3HABaHe ChCTOSIHMETO HA NMpodjeMa U TBOPYECKA MHTepHpeTalus Ha
JINTepaTypHUsi MaTepuaJl.

dopmynupaHaTa TEMa Ha JUCEpTalUs € NMPOy4YeHAa B KOHTEKCTa Ha II0JIy4aBaHETO (KOETO
BKJIFOUBA JICTHPAHETO, JICCHETO M TepMUYHATa 00paboTKa) Ha OeNuTe YyT'yHH, CTPYKTypara u

cBoiicTBaTa WM. BCHYKM Te3u BBOPOCH ca HM3yYeHHW OT KaHaujaara oOcToiHo oT 153



JUTEpaTypHU U3TOYHUIM B rjaBa [IbpBa, KOSTO TWpeCTaBisBa JUTEpaTypeH o0030p.
Pesynrarure oT HayuHUTE U3CIIEABAHUS 3a O€INUTE YYTyHH ca IpocieneHu ot 70 —Te roauHu
Ha MUHAQJIUS BEK JI0 JHEC, KaTO ca OCMHCICHH U 00CBHICHU 33AbJI00UEHO B TUCEPTALUATA OT
aBTopa . Pa3rhikyBaHo e npuiaranero Ha npaBuwioTo Ha [llapnu 3a Genu uyyrynu ¢ kapOuau
B MaTpHIlaTa — BIMSHUETO Ha TSIXHOTO Pa3MoioKEHUE B MaTpUIlaTa Ha U3HOCOYCTOMYHUBOCTTA
Ha uyrynute. HanpaBena e kinacudukanus Ha OelMTe YyryHH Bb3 OCHOBA Ha MPABUIIOTO HA
[lapmu, KaTo BCEKH €AMH KJIac € XapaKTepu3upaH MoApoOHO OT TielHa TOUKa Ha JIETUPAHETO,
KpUCTaIU3alMITa, TEpMUYHATa 00pabOTKa, MUKPOCTPYKTYypaTa, CBOMCTBATa U MPUIOKEHUETO
Ha ChOTBETHHS KJac uyyryHu. OT HauMHA Ha MpEACTaBAHE Ha Te3W XapaKTePUCTHKHU JIMYU, Ye
JUCEPTAaHTHT MMa IIMPOKH IIO3HAHUS IO CHELUAIHUTE JAUCHUUIUIMHM 10 METaJO3HAHHUE U
UHTEPIIPETHPA JIUTEPATYIHUTE TaHHU 33bJIOOYEHO BbB Bpb3Ka C T€MaTa Ha JUCEPTALUATA.
Pa3paborenu ca BpIIpocUTE 32 0COOCHOCTUTE HAa KpUCTAIHU3AIUs HA OeNIUTe YyT'yHH, BIUSIHUE
Ha JIETHpAIIUTE eIEMEHTH U YCIOBUATA HAa KPUCTATU3ALUs BbPXY CTPYKTYpOOOpa3yBaHETO U
cBoiicTBara uM. CriellMaJHO BHUMAaHUE € OTJEJICHO Ha BIMSHUETO Ha JETHpalluTe eIEMEHTH
BbPXY MPEBPBIIAHETO Ha MPEOXJAJACHUS AayCTEHUT. PasrienaHu ca OCHOBHHUTE JIEApPCKU
CBOMCTBA HA YYTYHHUTE U IPYTH BBIPOCU, KAKTO U MPUIOKEHUETO OETUTEe U3HOCOYCTONYHBHU
YyI'YyHH B MAalIMHOCTpoeHeTo. Bcuuko ToBa mpeAcCTaBisBa TOYHO  OMpeelsiHe,
XapaKTepu3UpaHe W OCMUCISIHE Ha CBCTOSHMETO Ha Mpobiema, KAaKTO U TBOPUYECKO
UHTEPIPETUPAaHE HA 3HAHUATA OT JINTEPATYpHUTE H3TOYHMIIM, OTHECEHW KbM TeMara Ha
nucepranusaTa. ToBa € Jajlo Bb3MOKHOCT Ha AMCEPTAHTHT Aa HAIPABH NPaBUJIHM U3BOIU OT
JeTepaTypHusi cM 0030p, Bb3 OCHOBA Ha KOUTO Jla OIpeJesId SCHO ILIelTa Ha padoTaTa CH U

KOHKPCTHUTC 3aJa4u 3a TIOCTUT'aHETO H.

3. CboTBeTCTBHE HA N30pPaHATA METOAMKA HA U3CJeABAaHe ¢ MOCTABEHATA 1eJI U 3a1a4Hu
HA IUCEePTAMOHHMS TPYA.

Matepuanu U METOAMKH 3a u3cienBaHe ca onucaHu B ['naBa 2. IlogOpanu ca v yrouHeHu
METOAMKHA 3a OINpeAeNsHe Ha: SKOCT Ha OrbBaHe, YJapHa JKWJIABOCT, TBBPIOCT,
MHUKPOTBBPJOCT; METOAMKA 33 MUKPOCTPYKTYPEH aHalM3 M 3a KAYECTBEH M KOJIMYECTBEH
pPEHTreHOCTpYKTypeH aHanu3. OcBeH ToBa B ['7aBa 5 ca mpencraBeHM M METOJMKHUTE 3a
onpezensHe Ha TPUOOTOTUYHHUTE CBOMCTBA Ha HM3CieABAaHUTE YyryHH. CuuTam, 4e BCUYKHU
METOJMKH, W3MOJ3BAaHU 3a HM3CJIEABAaHE HAa BHUCOKOXPOMOBHTE UYT'YHH, JIETUpaHU ¢ OOp, ca
MTOAXOSIIN 3a TTOCTUTaHE Ha MocTaBeHara Iien. [IpuinoxkeHn ca Mperu3HO W KOMIIETEHTHO,

KOCTO € JOBCJIO 0 MMOJIy4aBaHC HAa JOCTOBCPHU PE3YyJITATH.



4. KpaTka aHaJMTHYHA XapaKTePUCTHKA HA €CTeCTBOTO M OLIEHKA HA IOCTOBEPHOCTTA
Ha MaTepuaJia, BbPXY KOHTO ce rpaasiT IPMHOCUTE HA IMCEPTALMOHHUS TPY.

[IpuHocuTe Ha AWCEPTAIMOHHHS TPYZ CE TpajdT Ha IMOJYYEHHUTE Pe3yATaTd OT HAyYHHUTE
nsciensanus. Ilopagy npaBWIHHAT W300p Ha METOIWMKH, TOPATHd KOMIIETEHTHOTO UM H
MPELU3HO U3IOJI3BaHe, MOPaIU MPABUIHOTO aHAIM3UPAHE HA PE3yNITaTHTE, CYMTaM, 4e Te ca
JOCTOBEPEH MaTepHall, OT KOWTO ca U3BJIeUeHH U (OPMYIHPAHH IPHHOCUTE Ha MPEICTABEHUS

JUCEPTALIMOHEH TPY/I.

5. HayyHu W/mJid HAyYHONIPUJIOKHM NMPUHOCH HA TUCEPTAIIMOHHUSA TPYA:
IIpuemMaM pasznensHeTO Ha IPUHOCHTE HA HAyYHM, HAYYHO-IPWIOKHU WM NPHIOXKHU OT
aBTOpa. XapakTepbT Ha BCEKM IPHUHOC € ompeiesieH npaBuwiHO cnopen meHe. llle orneca

BCCKU €VH OT TAX KbM I10-A0JIy HallpaBCHATa KJIaCI/I(l)I/IKaL[I/If{Z

5.1. ®opmyaupane 1 000CHOBKA Ha HOB Hay4eH npoodiem (odJacr)

CLII/ITaM, Y€ B JUCCPTALMOHHUSA TPYd HAMA IPUHOCHU OT TO3U THIL.

5.2. ®opmyaupaHe 1 000CHOBKA HA HOBA TeOpHA (XHIIOTE3a)

B nucepranmonnus Tpya He € popMylMpaHa 1 000CHOBaHA HOBA TEOPHS MIIM XUIIOTE3a.

5.3. /loka3BaHe ¢ HOBH CPeACTBAa Ha CHIIECTBEHM HOBH CTPAHH B ChIIECTBYBAIU
HAY4YHH mnpolJjieMH, KJIacHPUKAIUM, METOAM HA H3CJeIBaHE, HOBH KOHCTPYKUHH,
TEXHOJIOTUH, MPENapaTu, CXeMH 32 Jie4eHHue 1 T.H.

CqI/ITaM, Y€ MPHUHOCHU OT TO3H THUII CHIIO HAMA B ITUCCPTATUOHHUA TPYO.

5.4. [TonyyaBaHe U 10Ka3BaHe HA HOBH (PAKTH
Benuku ¢popMynupanu oT KaHAUAaTa NPUHOCH B JUCEPTALMOHHUS TPYA a3 CUUTaM, 4e ca OT

TO3U THUII.

5.5. ITosryyaBaHe HA NOTBBLPAUTEIHU aKTH

He 3a6ens3Bam CpCa NpUHOCHUTEC (I)aKTI/I, KOHUTO [1a ITOTBBPKAaBaT HOBU (I)aKTI/I, YCTAaHOBCHHU OT

JIPYTH aBTOPH.

5.6. 3HaUMMH Xy10KeCTBEHOTBOPYECKH MOCTHKCHHUS.

To3u kiac MMPUHOCH € HCIIPUIIOKUM 3a KOHKPCTHUA cnyqaﬁ.
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5.7. XapakTep Ha NPHHOCUTE 32 BHeApPSIBaHE: MeTOAH, KOHCTPYKLUMH, TeXHOJIOTHH,
npenapaT, CXeMH, Xy/10’KeCTBEHO TBOPYECTBO H T.H.
XapakTepbT Ha NIPUHOCUTE 3a BHEApPSBAHE OMNpEACNsAM KaTo MAaTepUaOBEAUYECKH U

TCXHOJIOTHYHHU.

5.8. 3HAaYMMOCT HA MPUHOCHTE 32 HAYKATA U NPAKTHKATA.
W nBata npuHOCa, OIpENE]IeHM KaTO HaydyHM HMaT TroJsAMO 3HAu€HHE 3a HayKara

MCTAJIO3BHAHUE KaTO HOBO 3HAHHME 3a BUCOKOXPOMOBHUTE UYTI'YHH, JICTUPAHHU C 60p:

- YCTaHOBEHO €, Y€ AOMBJIHUTEIHOTO JETHpaHe ¢ 60p Ha BHCOKOXPOMOB OsI IyT'yH C HOAEBTEKTHYEH CHCTaB
13.1Cr-3.1C-1.1Mo mpoMeHs MEKPOCTPYKTypaTa Ha UyTyHa B JIATO CHCTOSHHE I10 CIICAHUS HAYWH: B UYyT'YHUTE
6e3 6op, ¢ 0,18%, 0,23% u 0,59% B, MukpocTpyKTyparta € MoJeBTCKTHYHA; YBEINIABAHETO CHIBPKAHUETO Ha
6opa 1o 0,96 % n 1,25% nobnmkaBa MUKpOCTPYKTypaTa 10 €BTEKTHIHATA.

- JlokazaHo e, 4e mpu yBeJlMYaBaHE ChIBPKaHUETO Ha Oopa ce ¢opmupat nsa Buaa kapoumgu CrsCs u CrsCe,
KOUTO ca C pa3jIM4Ha MHKPOTBBPAOCT, KaTO OCBEH TAX B CTPYKTypaTa Ha IOJyYEHHUs YYT'yH ca HaJIUYHU

cnenHuTe cheauHeHus Ha Oopa: FeoB, CrsBs, CrB, FeB u Fey3Bs.

HayT-IHO-HpI/IJ'IO)KHI/ITC IIPUHOCHU MMAT 3HAYCHHUEC KAKTO 3a HayKaTa, Taka M 3a IpaKTHUKaTa:

- YCTaHOBEHO €, Ye HAIMYHUTE B CTPYKTypara Ha M3CJeIBaHUTE YyryHH JBa Bua kapouau Ha xpoma (CrsCsz u

Cr23Ce) u crenuuenus Ha 6opa Fe:B, CrsBs, CrB, FeB, Fe3B, cpimecTBeHO BIUSAAT BEPXY H3HOCOYCTOHYNBOCTTA

Ha Te3H IyTyHH.
- IlonmyueHu ca excrnepuMEHTAIHH 3aBHCHMOCTH 3a BIMSHHETO Ha OOpa BBpPXY SKOCTTa Ha OorsBaHe Rmi,

ymaprara xmwiaBoct KC, tBpproctra HRC n muxporBbpmoctta HVo:1 Ha MmeTamHata ocHOBa W KapOWmHATa
daza. Ycranosena e Haii-Bucoka yjapHata sxuiasoct KC B uyryna ¢ 0,18 % B (KC = 1,88 J/cm?) n naii-

BHCOKA SIKOCT Ha orbBaHe Rmi B uyryHa ¢ 0,23 % B ( Rmi = 660,85 MPa ).

- YcTaHOBEHa € 3aBUCHMOCTTA Ha BIIMSHUE HAa pexXrMa Ha TepMUdHaTa 006paboTka 3akamsiBaHe or 850 - 1100°C
BBbpXy TBBhpaocTTa HRC Ha uyryHuTe ¢ pa3jiindHo ChAbPIKAHUE HA 0OOP.

- YcTaHOBEHO €, 4e UyryHbT, jJerupad ¢ 0,18 %B cnen neene u nocienpaia TepMuIHa 00paboTKa, CHCTOSAIIA CE

B 3akassiBane oT 950°C u cienBammo orBpbiane mpu 200°C nma Hali-BHCOKa abpa3WBHA H3HOCO- YCTOWYHBOCT.

Bcuukn NpUIO0KHU HNPHUHOCH CUUTAM, Y€ HMAT TOJIKIMO 3HAYCHHUC 3a HHAYCTpHAIHATA
IIpaKTHKa:

- Pa3paboTenn ca u ca HOIXyYeHH IET HOBH ChCTaBa BUCOKOXPOMOB OsUT YyT'YH, JOIIBIHUTEIHO JISTHPaH ¢ 60p B
kosmmyectBa 0,18%, 0,23%, 0,59%, 0,96% u 1,25% ¢ BUCOKM MEXAaHUYHHU U €KCIIJIOATAIIMOHHH CBOMCTBA.

- Jloka3zaHo € B pealHu pabOTHU YCJIOBUS, Y€ OTIIETUTE JIOMATKH 3a JPOOOMETHU MAIIMHU OT BUCOKOXPOMOB 05171

yyryH ¢ 0,18% B, mojuioxenn Ha ypapHO-aOpa3WBHO M3HOCBaHE, NPHUTEKABAT I10-BUCOKA M3HOCOYCTOWYHBOCT

IIPU KOHKPETHUTE €KCIUIOATAIMOHHHU YCIOBUS OT TPaIUIIMOHHO M3Moa3BaHaTa Mapka ayryH MUX28H2, ¢ koeto



ce JJ0Ka3Ba, ye BUCOKOXPOMOBHAT Osut uyryH ¢ 0,18%B moke 1a Ob1e HETOB 3aMECTHTEN B TIPOU3BOJCTBOTO HA

JETaliy ¢ MOJ00HO MpeAHa3HAUCHHUE.
- Ilpu abpa3wmBHO W3HOCBaHE HA OTICTH JACTAiIM 3a I[UIAMOBH IIOMIH, HM3HOCOYCTOMYMBOCTTa Ha

BHCOKOXpoMoBus Osut uyryH ¢ 0,18% B mpeBw3xokna 1,7 mbTu Tasum Ha TPaJUNHMOHHO M3IIOI3BaHATA MapKa

yyryn MUX28H2.
- Ilpu ekcrioatanms B peasHu pabOTHH YCIIOBHUS Ha M3paboTeHH oT m3cnenBanus ayryH (CwcraB II) 3601 3a

pabOTHOTO KOJIENIO Ha POTOPHU Oarepu 3a 100MB Ha BBIVIMINA € yCTaHOBEHA 51% Mmo-BHCOKa M3HOCOYCTOMIHBOCT
Ha CHCTaBHHUTE 3H0W, CHCTOSIIH CE€ OT ,,KOPOHKA” OT JISTHPaH ¢ OOp BHCOKOXPOMOB OsUT UYyT'YH M CTOMaHEHa

CHPIIEBUHA.

6. Onenka 3a cTeneHTa HAa JJMYHOTO y4acTHe HA JUCEPTAHTA B IIPHHOCHTE.

3a cremeHTa HAa JIMYHO y4acTHE B MPUHOCUTE OMXME MOIJIM J1a CHAWM OT y4acTHETO Ha
kanauaara 3a OHC ,,nokTop® B myOiuKaluuTe, B KOUTO Ca OTPA3€HU OCHOBHUTE PE3yJTaTH
OT Hay4yHUTE U3CJIE/IBAHUS 110 TEMATa Ha JucepranusaTa. B eaHa oT TX ToH € Ha bPBO MACTO
KaTo aBTOP, @ B OCTAHAJIMTE IIET € Ha BTOPO MACTO, KOETO MYy OTPEXJAa MHOTO BUCOKA CTEIECH

Ha JIMYHO Y4YaCTHC B IIPUHOCUTE.

7. IlpeueHka Ha nNy0JUKANMUTE MO JUCEPTANMOHHUS TPyA: Opoii, xapakrep Ha
U3/IaHUATA, B KOUTO ca oTnedaTtanu. OTpaxeHne B HAyKaTa — U3MO0J3BaHe H LUTHPaHe
OT IPYT" aBTOPH, B APYIH J1a00PATOPHHU, CTPAHH H IIP.

Mar. unx. Kpacumup KupoB rima miect nmyOiukanuy mo AucepraidonHaTa TeMa. J[Be oT Tax
ca B m3naHus, pedepupaHd B CBETOBHO H3BeCTHarTa 0Oa3a maHHU Scopus. Toea ca nBe
CTOMHOCTHH IYOJMKAILIUU C PE3YNITaTH, Bb3 OCHOBA Ha KOUTO ca (OpMylMpaHH JABaTa HAYYHU
npuHoca. ExHara oT TAX Bede € IUTUpaHa B CTAaTHUs, pEerucTpupaHa oT SCopus. [dpyrure
YeTUPH MYONUKAIlMU ca B pELEH3UpaHu u3AaHusa. Te oTpa3sBaT HAYYHO-TIPUIIOKHH U
MPUJIOKHU NMPpUHOCH. He MU € M3BECTHO ik TE3H TPYJIOBE Ca HAMEPUIIN OT3BYK B HAYYHHUTE
cpenu, T.€. Jalu UMa TeXHU HuTHpaHus. [lybnmukanuure M MTATHT ca JOCTAThYHH, 3a Ja
CBUJIETEJICTBAT 3a TOBa, ue mar. uux. Kpacumup Kupos e usrpanen uscnenonaren. BepositHo

MOBEYE ITUTUPAHUS 1IIe UMa BOBIEIIIE.

8. M3no/i3Bane Ha pe3yJTaTUTe OT JMCEPTANMOHHUS TPYJA B HAy4YHATA W COLMATHATA
npakTuka. Haiuume Ha mocTurHaTt npsik nKoHoMu4yecku edext u np. JlokymeHTH, Ha

KOUTO €€ OCHOBAaBa TBbPACHUETO.



3a U3M0JIBAHETO Ha HAYYHHUTE PE3yJITaTH B Hay4yHATa MPaKTUKa CBUAETEJICTBA IIUTHPAHETO Ha
MOCIICHO M3/1aJieHaTa CTaTusl, KosATo € pedepupana u B SCOPUS. ToBa o3HauaBa, 4e HAYIHUTE
pe3yiaTaTH, MOJy4YeHUu OT JIMCepTaHTa BEYe C€ IMOJI3BAT OT JAPYrd y4eHH. YOeaeHa CbM, 4e
pe3ynTaTuTe, OTpa3eHH B JBETE€ CTaTUH, KOUTO ca B W3JaHusA, pedepupanu B SCOPUS, Iie
Mpe/ICTaBIsIBaT MHTEPEC 3a HayYHaTa OOIIHOCT U 3a TOBA III€ CE MOABSIT OILIe I0KA3aTeICTBa.
OTHOCHO TPUIIOKEHUETO HA PE3YITaTUTE OT JUCepTaluATa B HUHAYCTpUsTa, (upma
»IIporpec® Ctapa 3aropa y10cTOBepsiBa, 4€ T€ ca OMJIM U3M0JI3BAaHU 32 OTIMBAHE U U3IUTBaHE
Ha JIeTailyii 3a JpOOOMEHTHH MaIlMHH. 3a JaeTain ,JlomaTka® ca M3Mmoa3BaHM BUCOKOXPOMOB
Ost1 uyryH, nombiaHuTenHo jerupan ¢ 0.18% B u crammapren xpom-nukenoB MUX28H2
(koiiTo € OOeKT Ha W3JEeABAaHE B HACTOSIIATAa JaUcCepTainus). Pe3ynraTure ca mMmokaszaimu
3HAQYUTEIHO M0-BUCOKA M3HOCOYCTOMYMBOCT HA YyT'yHA, JITUpaH ¢ O0p U ca I0Ka3alH, ue Ipu
JAZICHUTE YCIOBUS TOM MOKe Ja 3aMeHHU cTanaapTHaTa Mmapka MUX28H?2.

30U 3a pabOTHOTO KOJIEJNO Ha POTOpeH Oarep, u3paboreHu oT cromaHa 20 ¢ HaBapeHa
pabotHa moBspxHuHa c enekrponu UTP DURG00 u 3p6mu or cromama 20 ¢ paboTHa
MOBBPXHUHA OT BHCOKOXPOMOB Osi1 4yryH, mombiaHuTenHo jerupan ¢ 0.18% Gop, ca Ounm
CpPaBHEHH Ha HM3HOCOYCTOMYMBOCT B pEaAlHW YCIOBUS U C€ YCTAaHOBWJIO, Y€ 3bOHUTE OT
ctoMana 20 1 paboTHA TOBbPXHUHA OT BUCOKOXPOMOB OS5I YYT'YH, AOI'BIHUTEIHO JIETUPAH C
OOp MMAT MOYTH JIBA ITBTH 10 JBIBI SKCIIJIOATAIUOHEH KHUBOT.

Te3u nBa mnpumepa ca JOCTaThbUYHO JOKA3aTEJICTBO 3a TIoJi3aTa OT pe3ydATaTHTe OT

AUCCPTAIUOHHUSA TPYA 3a CTOIIaHCKATa JEHHOCT.

9. OneHka Ha CHLOTBETCTBHETO Ha aBTOpedepaTra ¢ M3MCKBAHUATA 32 U3TOTBSIHETO MY,
KAKTO U HA aJeKBATHOCTTA Ha OTPa3siBaHe HA OCHOBHMTE IOJIOKEeHHUSI M IPUHOCUTE HA
AUCEPTALUOHHMA TPYA.

[IpencraBeHusT aBTOopedepaT HAMBIHO OTrOBaps Ha M3HCKBaHMATA 3a M3TOTBSHE Ha
aBTopedepar. [IpencraBeHn ca B pe3lOME CBHUIECTBEHUTE IOJIOKEHHUS W TPUHOCUTE OT

JMCEPTALIMOHHUS TPY/I.

10. MHeHus, IPENOPBKU U 0e/1eKKH.

HNmam cneqHoTo HEAJOYMEHUE:

3amo cien Karo B JIMTEpATypHUS 0030p ce OTHeNs BHUMaHHE Ha XapaKTepU3UpaHETO Ha
MHKpPOCTpPYKTypaTa upe3 npaBwioro Ha Ilapnu, To He ce mpwiara W B H3CIEIBAHMATA

moHararek? U CJIC KaTO €€ Ir'OBOPHU 3a HCTO € om0 /:[06pe " J1a C€ IUuTHUpa CaMOTO IIPABUJIO.



HMmMaMm u cinemHuTe 3a0€EKKH:

1. Ha ctp. 7 oT nucepranusra ce ka3Ba: «3Ha4UTEIHO BIUsE ChIIO U hopmama Ha KapOuguTe
[73, 92]. KapOuagute BBB BHJ Ha H30JMPAHH BKJIIOYBAHHUS HAW-CHIIHO TTOBHUIIIABAT
M3HOCOYCTOMYHMBOCTTA. SICHO €, 4e ce uMma IpEeIBUI paznpedeienuemo, Konguzypayuume,
KOUTO 00pa3yBaT KapOuauTe, a He TaxHaTa popma. ToBa € HETOUYHOCT B U3PA3IBAHETO.

2. Ha cnenpamara crpaHuia 8 HAUMEHOBAHUETO «peulemKa-mampuya CUuTaMm, 4e e
HecnonywinBo. [1o-100pe Ou JIuio 1a ce Kaxe Mampuua ¢ KapouoHa peuiemxka.

OtHOCHO Tabimuua 3.12:

[Ipu no-Bucoko cbabpkanue Ha 60p ot 0.18% B uyryHa xekcaroHajaHus kapoun e ,,cmaea*
OpTOpOMOMYEH, KaKTO € 3allMCaH0 B JucepTanuara Ha cTp. 79 mnpu oOCHXKIaHe Ha
pesynratute B T.a0nuua 3.2, a ce MosBABa M OPTOPOMOMYEH KapOujJ U JBara BHUJAA
MPUCHCTBAT 3a€JJHO JI0 MOBHUIIABaHE Ha ChABPKaHHETO Ha Oop 10 1.25%, koraTo ocraBa na
CBHILIECTBYBA CAMO OPTOPOMOUYHHUSIT.

4. Ha ¢wur. 4.6 ,,Jludpakrorpama Ha BHCOKOXpoMoB Osu1 uyryH ¢ 0,18% B crex Temmneparypa
Ha aycTenuTrzanus 1200°C, 120min“ o0o3HaueHUATa OT OYKBH U HU(DPU Ca HESICHHU.

5. B mucepramusita Bce olie MMa HSKOJIKO I'paMaTHYECKH, MPABOMUCHU M ITYHKTYallMOHHU

I'pCIIKHU, KOUTO HAMA J1a HUTHUPAM.

11. 3ak/i0yeHue C AICHA MOJIOKMTETHA UM OTPULATETHA OLlEHKA HA JMCEPTAIMOHHUS

TPYA.

IIpeocmasenusm mu 3a peyensus oucepmayuoner mpyo Ha mema: ,, Bucokoxpomoeu uyeynu,
necupanu ¢ bop “, c aemop mae. umdic. Kpacumup Amanacos Kupos uma obem u kauecmso Ha
oucepmayuoner mpyo 3a NPUCvLICOaHe Ha 00pazoeamenHama u Hay4Ha cmenem ,,00kmop “ u
Cbomeemcmea Ha UUCK8AHUAMA HA ,,3aKOH 3a pazeumue HA aKa0eMuyHus cbcmag' 6
Penybnuka bvaeapus u Ilpasunnuka 3a He2060mMo npuiodicenue, m.e. mpyovbm CbObp#Ca
HAYYHU U HAYYHONPUTIOJCHU Pe3yImamu, KOUMO Npeocmaensiéam OpueuUHalen NpuHoc 6
Haykama u noxazed, ye KAHOuoamvm npumedtcasa 3a0vi004eHu MmeopemuyHu 3HAHUs No
Mamepuano3Hanue u CnoCoOOHOCMU 34 CaMOCMOAMENHU HAYYHU UZCTEOBAHUS.

Jasam nonoxcumenna oyeHka Ha OUCEpmMAayuOHHUs mpyo U Npenopvuy8am HA YEaA#Caemomo
HAY4HO Jicypu 0a npucvou Ha mae. undic. Kpacumup Amanacoe Kupoe obpazosamennama u
HayyHa cmeneH ,,00kmop“ 6 obnacm Ha eucwiemo obpasosanue 5. Texnuuecku HayKu,
npogecuonanno Hanpasnenue S.1. Mawunno undIcenepcmeo, HayyHa —CNEYUaIHOCM
., Mamepuanosnanue u mexnono2us Ha MauwUuHOCMpoumeaHume mamepuanu .

Hara: PEIHEH3EHT:
05.07.2024r. (mpo. n-p Pymsina Jlazaposa)
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1. Relevance of the problem developed in the dissertation work in scientific and applied
scientific terms. Degree and levels of relevance of the problem and specific tasks
developed in the dissertation.

The high wear resistance of white cast irons is a prerequisite for their wide use for details of
machines and mechanisms subjected to intensive wear. The combination of high wear
resistance with high mechanical properties, and hardness determines the application of cast
irons with a eutectic composition based on special carbides in machine building and makes
them a perspective construction material. Innovative complex alloying, casting technologies
and heat treatment of white cast irons represent a still underexplored scientific field in
metallurgy, which enables researchers to obtain new experimental data, new dependencies
and better properties of these materials, and as a result new applications of white cast iron. In
this regard, the alloying of high-chromium cast irons with boron, to which the doctoral
student aimed, turns out to be a fertile topic. Because of all this, | consider that the problem
developed in the dissertation work is relevant in scientific and applied scientific terms.

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

The formulated thesis topic is studied in the context of the production (which includes
alloying, casting and heat treatment) of white cast irons, their structure, and properties. All
these questions are studied by the candidate thoroughly from 153 literary sources in Chapter
One, which is a literature survey. The results of scientific research on white cast irons are
traced from the 1970s to the present day and are elaborated and discussed in depth in the
dissertation by its author. The application of Charpy's rule for white cast irons with carbides
in the matrix is explained - the influence of their placement in the matrix of wear resistance of
cast irons. A classification of white cast irons is made based on Charpy's rule, and each class

is characterized in detail in terms of alloying, crystallization, heat treatment, microstructure,



properties and application of the respective cast iron class. From the way these characteristics
are presented, it is clear that the dissertation student has a broad knowledge of the special
disciplines of metallurgy and interprets the literary data thoroughly in relation to the topic of
the dissertation. The issues of crystallization features of white cast irons, the influence of
alloying elements, and crystallization conditions on structure formation and their properties
are developed. Special attention is paid to the influence of alloying elements on the
transformation of undercooled austenite. The basic casting properties of cast iron, and other
issues are discussed, as well as the application of white wear-resistant cast iron in machine
building. All this represents an accurate determination, characterization and understanding of
the state of the problem, as well as a creative interpretation of the knowledge from the literary
sources related to the topic of the dissertation. This has given the doctoral student the
opportunity to draw correct conclusions from his literature review, based on which he can

clearly define the purpose of his work and the specific tasks to achieve it.

3. Correspondence of the chosen research methodology with the set goal and tasks of the
dissertation work.

Research materials and methods are described in Chapter 2. Selected and specified methods
for determining: bending strength, impact toughness, hardness, microhardness; methodology
for microstructural analysis and qualitative and quantitative X-ray structural analysis. In
addition, the methods for determining the tribological properties of the investigated cast irons
are presented in Chapter 5. | believe that all the methods used to study the boron-alloyed high-
chromium cast irons are suitable for achieving the set goal. They were applied precisely and
competently, which led to reliable results.

4. Brief analytical description of the nature and assessment of the credibility of the
material on which the contributions of the dissertation are based.

The dissertation's contributions are based on the results of the scientific research. Due to the
correct choice of methods, their competent and precise use, and the correct analysis of the
results, | believe they are reliable material from which the contributions of the presented

dissertation work were extracted and formulated.

5. Scientific and/or applied scientific contributions of the dissertation work:



| accept the author's division of contributions into scientific, scientific-applied, and applied.
The nature of each contribution is correctly defined in my opinion. | will relate each of them
to the classification made below:

5.1. Formulation and justification of a new scientific problem (area)

| believe that there are no contributions of this type in the dissertation work.

5.2. Formulation and justification of a new theory (hypothesis)

No new theory or hypothesis is formulated and substantiated in the dissertation work.

5.3. Demonstration by new approaches of substantial new aspects of existing scientific
problems, classifications, research methods, new constructs, technologies, preparations,
treatment regimens, etc.

| believe that there are no contributions of this type in the dissertation either.

5.4. Obtaining and proving new facts

| believe that all contributions formulated by the candidate in the dissertation work are of this

type.

5.5. Obtaining corroborating facts
| do not notice among the contributions facts that confirm new facts established by other

authors.

5.6. Significant artistic achievements.

This class of contributions is inapplicable to the particular case.

5.7. Nature of contributions intended for implementation: Methods, Constructions,
Technologies, Preparations, Schemes, Artistic Creation, etc.

| define the nature of contributions for implementation as material science and technology.
5.8. Significance of contributions to science and practice.

Both contributions, defined as scientific, are of great importance to the science of metal

science as new knowledge about high-chromium boron-alloyed cast irons:
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- It was found that additional boron alloying of high-chromium white cast iron with sub-eutectic composition
13.1Cr-3.1C-1.1Mo changes the cast iron microstructure as follows: in boron-free cast irons, by 0.18%, 0.23%
and 0.59% B, the microstructure is subeutectic; increasing the boron content to 0.96% and 1.25% brings the
microstructure closer to the eutectic.

- It has been proven that when the boron content increases, two types of carbides Cr7C3 and Cr23C6 are formed,
which have different microhardness, and in addition to them, the following boron compounds are present in the
structure of the obtained cast iron: Fe2B, Cr5B3, CrB, FeB, and Fe23B6.

Scientific and applied contributions are important for both science and practice:

- It was established that two types of chromium carbides (Cr7Cs and Cr23Cs) and boron compounds Fe;B, CrsB3,
CrB, FeB, FexB, present in the structure of the investigated cast irons, significantly affect the wear resistance of
these cast irons.

- Experimental dependences were obtained for the influence of boron on the bending strength Rmi, impact
toughness KC, hardness HRC and microhardness HVO0.1 of the metal base and the carbide phase. The highest
impact toughness KC was found in cast iron with 0.18% B (KC = 1.88 J/cm2) and the highest bending strength
Rmi in cast iron with 0.23% B (Rmi = 660.85 MPa).

- The dependence of the influence of the tempering heat treatment regime from 850 - 1100°C on the hardness
HRC of the cast irons with different boron content was established.

- Cast iron alloyed with 0.18%B after casting and subsequent heat treatment consisting of quenching at 950°C

and subsequent tempering at 200°C was found to have the highest abrasive wear resistance.

All the applied contributions I consider to be of great importance for industrial practice:

- Five new compositions of high chrome white cast iron alloyed with boron in amounts of 0.18%, 0.23%, 0.59%,
0.96%, and 1.25% with high mechanical and operational properties were developed and obtained.

- It has been proven in real working conditions that the cast blades for shot blasting machines made of high
chrome white cast iron with 0.18% B, subjected to shock-abrasive wear, have a higher wear resistance under the
specific operating conditions than the traditionally used cast iron brand MUYX28H2, which it is proven that high
chrome white cast iron with 0.18%B can be its substitute in the production of details with a similar purpose.

- In abrasive wear of cast parts for slurry pumps, the wear resistance of high chrome white cast iron with 0.18%
B is 1.7 times that of the traditionally used cast iron brand TUX28H2.

- During operation in real working conditions of cast iron (Composition Il) teeth for the impeller of rotary
excavators for coal mining, 51% higher wear resistance of the composite teeth consisting of a "crown" alloyed
with boron was found high chrome white cast iron and steel core.

6. Evaluation of the degree of personal participation of the doctoral student in the
contributions.

We could estimate the degree of personal involvement in the contributions based on the
participation of the candidate in the publications in which the main results of scientific

research on the topic of the dissertation are reflected. In one of them, he is the first author, and
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in the other five, he is the second author, giving him a very high degree of personal

involvement in the contributions.

7. Evaluation of the publications on the dissertation work: number, nature of the
editions in which they were published. Reflection in science — use and citation by other
authors, in other laboratories, countries, etc.

M.Sc. Eng. Krasimir Kirov has six publications on the dissertation topic. Two of them are in
publications referenced in the world-famous Scopus database. These are two valuable
publications with results based on which the two scientific contributions are formulated. One
of them has already been cited in an article registered by Scopus. The other four publications
are in peer-reviewed journals. They reflect scientific and applied contributions. 1 do not know
whether these works have found an echo in scientific circles, ie. are there any citations of
them? The publications and the quote are enough to testify that M.Sc. Eng. Krasimir Kirov is

a built researcher. There will probably be more citations in the future.

8. Use of the results of the dissertation work in scientific and social practice. Existence of
achieved direct economic effect, etc. Documents on which the claim is based.

The use of scientific results in scientific practice is evidenced by the citation of the most
recently published article, which is also referenced in Scopus. This means that the scientific
results obtained by the dissertation student are already being used by other scientists. | am
convinced that the results reflected in the two papers, which are in publications referenced in
Scopus, will be of interest to the scientific community and more evidence will emerge.
Regarding the application of the results of the dissertation in the industry, the company
"Progres" Stara Zagora certifies that they were used for casting and testing of parts for
fractionating machines. High-chromium white cast iron additionally alloyed with 0.18% B
and standard chrome-nickel ICH28H2 (which is the subject of research in this dissertation)
were used for the "Blade"” detail. The results showed significantly higher wear resistance of
cast iron alloyed with boron and proved that, under the given conditions, it can replace the
standard brand MUX28H?2.

Rotary excavator impeller teeth made from 20 steel with a welded working surface with UTP
DURG600 electrodes and 20 steel teeth with a high chromium white cast iron working surface
alloyed with 0.18% boron were compared for wear resistance under real conditions and found
that teeth of steel 20 and a working surface of high chromium white cast iron, additionally

alloyed with boron, had almost twice the service life.
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These two examples are sufficient proof of the usefulness of the results of the dissertation

work for economic activity.

9. Assessment of the compliance of the abstract with the requirements for its
preparation, as well as the adequacy of reflecting the main points and contributions of
the dissertation work.

The abstract fully meets the requirements for preparing an abstract. The essential points and
contributions of the dissertation work are presented in a summary reflecting the main points

and contributions of the dissertation work.

10. Opinions, recommendations and notes.

| have the following perplexity:

Why, after the literature review pays attention to the characterization of the microstructure
through of Charpy's rule, is it not applied in further research? And after talking about it, it was
good to quote the rule itself.

| also have the following remarks:

1. On page 7 of the dissertation it is said: «The shape of the carbides also has a significant
effect [73, 92]. Carbides in the form of isolated inclusions increase wear resistance the most.*
What is meant is the distribution, the configurations that form the carbides, not their shape.
This is an inaccuracy in expression.

2. On the next page 8, the name «lattice-matrix» | consider to be unsuccessful. It would be
better to say a matrix with a carbide grid.

3. Regarding table 3.12:

At higher boron content than 0.18% in the cast iron, the hexagonal carbide does not "become”
orthorhombic, as noted in the thesis on page 79 when discussing the results in Table 3.2, but
orthorhombic carbide appears and both species are present together until increasing the boron
content to 1.25%, when only the orthorhombic remains to exist.

4. In fig. 4.6 "Diffractogram of high chromium white cast iron with 0.18% B after
austenitizing temperature 1200°C, 120min" letter and number designations are unclear.

5. There are still several grammatical, spelling, and punctuation errors in the thesis which |

will not cite.

11. Conclusion with a clear positive or negative evaluation of the dissertation work.
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The thesis submitted to me for review on the topic: "High-chromium cast irons alloyed with
boron”, authored by M.Sc. Eng. Krasimir Atanasov Kirov has the volume and quality of a
dissertation work for awarding the educational and scientific degree "doctor" and
corresponds to the requirements of the "Law on the Development of the Academic Staff" in
the Republic of Bulgaria and the Regulations for its application, i.e. the work contains
scientific and applied scientific results that represent an original contribution to science and
shows that the candidate has in-depth theoretical knowledge of materials science and the
ability to conduct independent scientific research.

| give a positive assessment of the dissertation work and recommend to the respected
scientific jury to award M.Sc. Eng. Krassimir Atanassov Kirov the educational and scientific
degree "Doctor™ in the field of higher education 5. Technical sciences, professional direction
5.1. Mechanical engineering, scientific specialty "Materials science and technology of

engineering materials".

Date: REVIEWER:
07/05/2024 (Prof. Rumiana Lazarova, Ph. D.)
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