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HAa JHUCEPTALHOHEH TPY/
3a Npua0o0OHBaHe Ha o0Opa3oBaTe/iIHATA U HAay4YHa cTeneH ''1okTop'' B

00.1acT Ha BHcLIe oOpa3oBanue — 4. [IpupoaHu HayKu, MaTeMaTHKa U
MH(pOpMaTHKa

npogecHOHAIHO HanpaBJieHHe — 4.1. DU3nyYeCKy HAyKH

NOKTOpPCKaA nporpama — Paguodusuka u pusndecka eJleKTpOHHKA

ABTop: Patme Daxpu [lagukosa

Tema: ,,CuHTe3, CTPYKTypa ¥ CBOMCTBA HAa TUTAHOBU OOPHUIH U KapOUIH, MTOJTyUYEHH
4ype3 eJIEKTPOHHOJIbYEBH TEXHOJIOTHH

Peuensenr: npod. a-p unxk. Auren IletpoB AHueB, kareapa MaTtepuano3HaHue U
Mexanuka Ha matepuaniute, TexHuuecku yHuBepcuteT — ["abpoBo (TY-I"abpoBo),
4YJIeH Ha HAy4YHOTO XypH, cbriacHo 3amoBen Ne PJI- 09-296/13.12.2024 r. Ha

Jlupektopa Ha IHCTUTYT no enekTpoHUKa — bbarapcka akagemusi Ha Haykute (ME
— bAH).

1. Kparku OmorpaduyHH JaHHH 32 JOKTOPAHTA

®atme ®axpu [Tanukona e 3aBbpiunia [ InoBauBcku yHuBepcurer ,,l lancuin
Xunengapaku“ (IIY) npez 2001 r. OakanaBbpcka CTENEH [0 CHELUATHOCT
,Martematuka U (u3zmka™“ u npuaodusa npe3 2003 r. MarucTbpcka CTENEH IO
LSAudpopmaruka®“. Ot 08.2022 r. no 12.2024 r. e 3agoueH nokropaunt B ME-bAH.
[Tpodecuonanuusi U NbT € cBbp3aH ¢ TY-1'abpoBo, KbAETO € aCUCTEHT B KaTepa
,Maremarrka, WHpoOpMaTHKa MW NPUPOAHU Hayku oT Hayaimoro Ha 2021 r. B
MPEeIXOJAHU Iepuoaud € paboTuia KaTo Y4MTesl N0 MareMaTuka, (Qu3uKa Hu
ACTPOHOMHS U UH(POPMALIMOHHU TEXHOJIOTUHU.

2. O01m0 onucaHue HA NpeJACTABEHHTE MaTepPHAJIH

Jlucepramusara € B 00eM ot 116 crpaHuiy U npeacTaBs pe3yJITaTUTE OT 3
nyonukanuu, ot kouto 2 ca ¢ IF (Coatings — MDPI) u egna ot MexayHapo/JHa
Hay'1Ha KoH(epeHLHs ‘“‘MexaTpoHHKa, €KO H EeHEeprocrecrsiBallldi CHCTEMH H
TexHoJioruu*‘, 'abpoBo 2023. CTpykTypara Ha JUcepTaLUsaTa C€ CbCTOU OT YBOA, 4
rnaBy, MNPUHOCH, CIHMCBK C NyOJMKalMyM 110 JucepTauusiTa W U3M0JI3BaHa

TUTepaTypa.



KoMniekTsT NOKYMEHTH, NPEACTABEHHW HAa HAYYHOTO XKYpPH, ChIbBpPXKa U
HEOOXOIUMUTE CIpaBKa 3a HM3NbJHCHHME HAa MHUHHUMAJIHUTE W3HMCKBAaHUs 34
ChOTBETHATa 00JlacT Ha BHUclLIe oOpa3oBaHHe, MyOJHKALHUHUTE [0 JUCEpPTALMATA,
CMHUCBK C U3HECEHUTE NOKJIa1, KaKTO U ClIpaBKa C [IpUI0OMTHUTE KPEIUTH I10 BpeMe
Ha 00y4YE€HMETO CH.

Hoxkymenture, kouto ac. @. IlangukoBa nmpeacrtaBs B Ipoleaypara 3a

rojyyaBaHe Ha oOpa3oBaTellHAa M Hay4dHa CTereH ,,JOKTOp® OTroBapsAT Ha
W3UCKBAaHUATA Ha 3aKOHA 3a pa3BUTHE HAa akaJeMW4HHUs cbcTaB B P. bnarapus,
ITpaBUJIHHKA 32 HErOBOTO npuiiarade v [ lpaBunHuK, U3MCKBaHMsA, YCIOBUSA, TpaBuia
U pellieHUs KbM KaHIWJaTUTe 3a NPpUAOOHBaHEe Ha HayyHU CTENeHU W 3aeMaHe Ha
aKageMu4H! JUTBXHOCTH B IE-BAH v U3uckyemMuTe CTOHHOCTH Ha KOJIMUECTBEHHUTE
MOKa3aTesy ca IIOKPHUTH.

3. XapaKTepHuCTHKA H OLEHKA HA JHCEPTALIHOHHHSA TPY

Mopaudukanusita Ha MNOBbPXHOCTHUTE CJIOEBE Ha KOHCTPYKUHOHHHU
€JIEMEHTH OT METAJU U CIUJIaBU € U3KJIIFOUUTEHO aKTyaJIeH Npo0JieM, B KOHTO Mpe3
[OCJICAHUTE TOJAWHU HaydHaTa OOIIHOCT I10 LeJdus CBST Bjara 3Ha4YUTeJIHU
U3CJIEI0BATEJICKU pecypcH U BpeMe. C oriien Ha TOBa B peAcTaBeHaTa AUcepTalus
CE aKLUEeHTHMpa BbPXY MOAU(PULMPAHE HA TMOBBPXHOCTHU CJIOEBE IOCPEIACTBOM
€JIEKTPOHEH JIbY, Ch3JlaBalKu KapOuau U OOpHAM BbPXY THUTAHOBA OCHOBA. Ta3u
TEXHOJIOTHsI caMa I10 cede CH ChLIO € AOCTaThYHO aKTyajHa 3a MogoOpsiBaHe Ha
napaMeTpuTe Ha surface integrity Ha METaJIM U TEXHHUTE CIIJIaBH.

JIMCEpTALIMOHHUAT TPy H3CJIeIBA MEXAaHU3MHTE 3a TI0JlydaBaHE Ha
KOMIIO3UTHHU MOKPUTHS HA OCHOBAaTa Ha TUTAH-O00p U TUTAH-BbIepol. M3cnenBaHo
€ M BJIHAHHUETO HA CTOMHOCTHUTE HA TEXHOJIOTHYHUTE I[IapaME€TPpU BBPXY
MOJIy4YaBaHMTE CBOKMCTBA Ha 00padoTeHaTa MOBbPXHOCT. 3a MOCTUTAHE HA TE3M LIEJH
ca GOpMYyJIMpaHHd 5 OCHOBHH 33JlayH, UMETO pElIaBaHe AONPHUHACS C HOBY 3HAHUS B
obnactra Ha MoAM(HLMpPaHE HA MOBBPXHOCTHHUTE CJIOEBE, YPE3 Ch3JABAHETO Ha
NOKpUTHA. ToBa MU JJaBa OCHOBAHHUE Ja TBbPIS, Y€ NPEACTABEHUs NUCEPTALUOHEH
TPYZ € aKTyaJIeH M 3Ha4MuM 3a 00J71aCTTa Ha HAYYHUTE U3CJIeABaHUSA, KbM KOSTO TOH
€ aJpeCUupaH.

bubnuorpadckara cripaBka BkJtouBa 110 nuTteparypHH HM3TOYHHLH, T10O-

roasMaTa 4acT OT KOUTO Cca CTATUU B CIUCAHUSA NMYyOJIUKYBAHU Mpe3 MNOCHe HUTE
rogquHH U ca pedepupanu B WoS u/unu Scopus. ToBa e 10Ka3aTescTBO 3a I03HaBaHE
Ha JOCTUIXKEHHUSITa Ha Hay4yHaTa OOILIHOCT Mo nmpobjeMarvkara B Auceprauusita. B
TO3W pel Ha MHCIH IOJYy4YeHUTe pe3yJiITaTH ca AO0Ka3aHH, 4Ype3 ChbBPEMEHHH H
[IpaBUJIHO noaAOpaHHu MeTonu, Kato X-ray diffraction analiysis, Scanning electron



microscopy, XRD M H3MepBaHe Ha  MUKPOTBBPAOCT. IlonydeHuTe
eKCIIEpPUMEHTAJIHU JaHHH, JOKa3Balllk (DOPMHPAHETO HAa KAYeCTBEHH KOMIIO3UTHU
nokpuTus B cuctemara T1-B u Ti-C, ca u3noxxeHu noipoOHO U B JOCTATh4YHAa CTEINEH
3allIMTABAT MPENJIOKEHUTE TE3HU.

ChbILUECTBEHU pE3YyJTaTH OT AUCEPTALMOHHMSA TPYJ Ca YCTaHOBSBaHE Ha
T€XHOJIOTUYHUTE YCJIOBUS, NIPU KOUTO CE€ IOJIy4aBaT KOMIIO3UTHH IOKPUTHUS B
cucreMara T1-B, nmpum kxowTo He ce HabIIOgaBa HEPa3TBOPEHO KOJUYECTBO OT
ejeMeHTa B. YCTaHOBEHO €, 4Ue 4Ype3 IMpUaraHeTO Ha eJIEKTPOHHOJIbYeBaTa
T€XHOJIOTHA € MOJIYYEHO IMOKPUTHE ChC 3HAUYMTEIHO MOJ00pPEeHH TpHUOOJOTMYHH
CBOMCTBA W 3HAYUTEJIHO MOBHUIIIABAHE HA MUKPOTBBPAOCTTA. IIpH H3CaenBaHe Ha
MOJly4aBaHUTE KOMMO3UTHM NMOKpUTHUA B cuctemara T1-C, ChLIO ca yCTaHOBEHM
TeXHOJIOTUYHM MapaMeTpd Ha I[polieca, MNOpH KOMTO CTOMHOCTHUTE Ha
MUKPOTBBPIOCTTA HAa ITOBBPXHOCTTA Ca 3HAYMTEJIHO II0-BUCOKM OTKOJIKOTO Ha
OCHOBHUS MeTan. IIpemnoxeHa e nByomnepallMOHHA TEXHOJIOTHS 3a BbhBEXJaHe Ha
BbIJIEpoJia B 00paboTBaHAaTa MOBBPXHOCTHOCT OT THUTAaH.

B pe3yarar oT u3nbJHEHUTE 3a[a4M, MOCTaBEHH B IUCEPTALIMOHHHS TPY ] Ca
dbopMyJIMpaHH ClIEIHUTE IMPHHOCH, KOUTO a3 NpHeMaM [0 HauHhHa NpeiCcTaBeH B
NUCEPTALUOHHHUSA TPY .

1. Pa3paboTeH € WHOBAaTHBEH W TMPaKTHUYEH METOJ 3a HaHacsiHe Ha
MOJHGUKATOPH BbPXY MOBBPXHOCTTA Ha METAIHU MOJIOKKHU C LET POPMHUPAHETO
Ha KOMIIO3UTHH ITOBbPXHUHHH CIUIABM M TIOKPUTHUS 4Ype3 €EJIEKTPOHHOJIbYEBHU
TeXHoJioruu. IIpunoxuMocTTa Ha METoAa € MOTBBbPAEHA 4Ype3 IMOoJIy4YaBaHETO Ha
MOBbPXHUHHHU CTPYKTYypH (rmokputus) B cuctemMute T11-B u Ti1-C Bbpxy THTaHOBH
MOIJTOKKH.

2. CbC ChBpEMEHHU €KCIIEPUMEHTAJIHU METOJH Ca MOJyYEeHH HOBHU 3HAHHUA
3a MEXaHU3MHTE Ha CTpyKTypooOpasyBane B cucremute Ti-B u Ti-C npu
eJIEKTPOHHOJbYeBa 00pabOTKa, 3aBUCUMOCTTA UM OT TEXHOJIOTHYHHUTE MapaMeTpu

U BIMSAHHETO HA GOPMHUPAHUTE CTPYKTYPH BBPXY BaXXHU MEXaHUYHHU CBOHCTBA.

3. OnTUMHU3MpaHH ca TEXHOJOTMYHUTE mapameTpH (CKOpPOCT Ha IBHXKEHHE
Ha oOpasella M MOIIHOCT Ha €JEKTPOHHUSA CHOI) Ha €eJEKTPOHHOIbYEBA
MoauduKaLug ¢ Lesl ¢GpopMUpaHe HAa KOMIO3WTHH MOkKpuTHs oT BHaa Ti/TiB u
T1/TiC, umallu XoMOreHHa CTPYKTypa, HamaJieHa KOHLIEHTpaLys Ha CTPYKTYpPHHUTE
nedextu (nopu, MyKHaATUHU U NPYTH) U NTOAOOPEHN MEXAHUYHU CBOHCTBA.

4. Upe3 npenjokeHaTa TEXHOJIOTHS 34 €JEKTPOHHOJIbYEBA NMOBbPXHHHHA
Moaudukauug Ha Ti MOMJNIOXKH € TIOCTUTHAaTO 3HAYUTENHO [O04O0OpeHHe Ha
MeXaHHYHHUTEe CBONCTBA, KaKTO CJie/1Ba:



- oBeye OT 20-KpaTHO yBEIUYEHUE HA MUKPOTBBPAOCTTA M 2-KpaTHO
HaMaJIIBaHE Ha Koe(UIMEHTA Ha TPHUEHE 3a Ciayyaid Ha TpeTupaHe Ha Ti MOAJI0XKKH
c oop;

- 2.5-KpaTHO YyBEJHWYEHHE Ha MUKPOTBBPAOCTTA 3a cjiydyad Ha
TpeTupaHe Ha T1 MoasioXxkKa ¢ BbIJIEPO/I.

4. [lyOnukauuu no AHCepTAUHOHHUSA TPYd H OLlEHKA HA JHYHHA NPHHOC HA
JOKTOpPAaHTA

JlucepTauMOHHUAT TPYM IPEACTaBs pe3yiaTaTd NMyOJIMKyBaHM B 3 CTaTHM.
JIBe OT KOUTO ca NMyOJNUKYBaHW B MEXAYHAPOAHOTO CIIMCAaHHE C MMMAKT (PAKTOP

Coatings” ¥ egHa B JOKJaJ B IbJEH TEKCT, MyOJIMKyBaHAa B MaTepualld OT
MEXIyHapOoJAHAa Hay4yHa KOH(epeHIys, TpoBeaeHa B rp. 'abpoBo. Pe3ynraTture ca
NOKJIaJABaHU Ha 4 MeXAyHapOoIHUM KOH(PepeHLMH TpoBeleHH B bbiarapus. Kum
Anyapu 2025 r. ca 3abens3aHyd 2 LydTaTa Ha NyOJHKALMMTE OT JHCEpPTALMOHHMS
Tpyd. Te3u HAyKOMETPUUHH TT0KA3aTEIM ICHO J0Ka3BaT, Ye JUCEPTALMOHHHUS TPY ]
€ anpoOWpaH B JOCTaTb4HAa CTEMNEH M € MOJYy4YWJ BMCOKa OLIEHKa OT Hay4HaTa
OOILIHOCT, KOETO ChILO JOKa3Ba HEroBaTa aKTyaJIHOCT U 3HAYHMMOCT.

Ac. ®@. IlagukoBa € 4acT OT eUH HU3KJIHUYUTEIHO cToOHOCTEeH exun oT UE,
B JIMLIETO HA HEWHMUS HaydeH pbKoBoauten nou. C. Beakos v gou. M. OpmaHosa,
KOHUTO JOCTOHMHO MpOJbiKaBa aea0To Ha npod. AdH Iletsp IleTpoB B obn1acTra Ha
€JIEKTPOHHOJI'bYEBUTE TEXHOJIOTUH.

[TozHaBaliku B HeTaliad paborara UM, CUHATaM, 4Ye IMPUHOCHT Ha ac. D.
[TagukoBa npu MOJY4YaBaHETO, AHAJU3UPAHETO U MYyOJUKYBAHETO HA MOCTUIAHUTE
pe3yJiTaTu € B IOCTAaTh4YHA CTENEH HEHHO JEJIO.

[To3naBam ®arme [TagukoBa OT MOCTBIBAHETO U Ha paboTa B TexXHUYECKH
yHHBepcUTEeT — ['aOpoBO M MMaM JIMYHU HaOJIOJeHUsS OT KauyeCTBOTO Ha HEMHaTa
pabora. CMsiTaM, Y€ JIOCTaThYHO CEPUO3HO CE€ OTHACS KbM HEMHHUTE 3a1bJDKEHHUS U

U3IMTbJIHEHHE Ha ITOCTaBEHUTE U 3ddd4H.

5. Ouenka Ha aBTopedepara

ABTOpe(bepaT'BT € U3I'OTBCH CHIJIACHO U3UCKBAHHWUATA U B 1OCTATBYHYCH o0eM.
OTpa3siBa KOPEKTHO ChIABPXKAHUETO HA AUCEpTaLUsiTa, MOJIYYEHUTE PEe3yJITaTH U
NpuHOCU. 3abensizax JIeKO pa3MHHaBaHe BBB (POPMYJIMPOBKATA HA IPHUHOCHUTE B
IPUIOXKEHUS aBTOopedepaT CIpsSMO Te€3d B JUCEpTALMITa, HO HE CMsTaM TOBAa 3a
CBhILIECTBEH MPOITYCK, OLIE [TOBEYE Y€ CMUCHJIBT UM OCTaBa HEU3MEHEH.



6. KpuTHuHH 0€/1e:KKH U BbBIIPOCH

Hsimam 3a0e1eXKH Mo CbLUEeCTBO KbM AUCEPTALUMOHHUS TPYI. A3, KaTO UjieH
Ha KOJIEKTHBA Ha TEXHUYECKHA YHUBEPCUTET, CAaMO CMSTAM, Y€ KOraTo Ce€ TOBOPH 34
ONTHMM3ALIMS HA MapaMeTpu Ha €IMH Mpouec, € Ao0pe T aa 0bae M3BbPIUEHA B
CHOTBETCTBUE C JOOPE U3BECTHU MATEMATHUYECKH TPOLEAYPH U BbPXY AOCTATbYEH
Opol €KCNEpUMEHTAIIHA 00pa3LH.

7. 3aka04eHHe

CyuraM, 4Ye IMpeAcTaBeHUAT JAUCEPTALMOHEH Tpyad OTroBaps Ha
M3UCKBaHHUATA Ha 3aKoHa 3a pa3BUTHE Ha akajeMHU4YHUs cbcTaB B Peny0Oiuka
bbnrapus. IlocTturHature pe3yjaTaTd MU JaBaT OCHOBaHME Ja MNpeAjo)ka Ha
Hay4yHOTO XypH Aa Obae npHaoOHTa oOpa3oBaTesHaTa U HayyHa CTeNneH ,,JOKTOp™

oT ®aTtme Paxpu IlaaukoBa B 00JiacT Ha Buclie oOpa3zoBaHue - 4. [lpupoaHu

HayKd, MaTeMaThka M HHGOpPMATHUKA, MNpPOMECHOHAIHO HamnpaBieHue - 4.1.
dusnyeckln Haykd, [JOKTopcka nmporpama - Paavopuzvka W Qu3uyecka
eJIEKTPOHHUKA.

['abpoBo

27.02.2025 r.
UneH Ha HAYYHOTO XY PH:

/mpod. a-p uwxk. AHren I1. AHues/



