BBATAPCRA AKAAEMMI HA HAYRYTE
MHCTUTYT 110 FAEKTPOHMKA

PEINEH3US

Ha  JMcepTalMOHeH Tpyd Ha Mapus Artanacoa OpMaHOBa  3a NPHCHXKIAHE Ha
obpazoBarenHaTa ¥ Hay4yHa CTENEH “IOKTOp” Ha TeMa ,JIOJIYYABAHE H H3CJEIBAHE HA
HAHOCTPYKTYPHU MATEPHAJIH 3A H3HOCOYCTOWYHBH NMPHJIOKEHHSI».

Penensent: Mapun Mupues ['ocnioauHos, npodecop, AdH aconupas 4wieH Ha MHCTUTYT no

®u3zuka Ha Teepaoto Tano npu BAH, Codus

IlpencraBeHaTa MM 3a peLieH3MpaHe aucepTauus Ha Mapus AtanacoBa OpMaHOBa Ce ChCTOH
ot 104 crpanuuy, 39 ¢urypu, 4 Tabmuuu u 134 uuTHpaHM W3TOYHMKA. Marepuana e

NMpeanoxxeH B 4 rnapu.

B rnaea | ca pa3rienaHd OCHOBHHTE (PM3HYHH M TOIUVIMHHH MPOLECH NPH MOBBPXHOCTHA
eneKTpoHHO-bueBa 06paboTka (EJIO) Ha MeTanu W cruiasy. HanpaBeH € mperjie Ha MeTOANTE
3a HaHACAHE Ha MOBBPXHMHHHU CIOEBE OT ra3oBa (a3a M aHallM3M Ha MyOJNMKYBaHH pe3y/ITaTH B
HayuHaTta JuTeparypa, cBbp3aH ¢ EJIO Ha Meramu M cniaBH, KakTo M C MOJNy4aBaHe Ha
rpaJHeHTHO CTPYKTYPHPaHH HHTPUAHH NMOKPUTHA.

B rnaea 2 ca onucaHH eKCNEepPHMEHTANHHTE METOAMKH, M3IION3BAHH 3a MOJyYaBaHe Ha
MOBBPXHOCTHO MoAH(HUMpaHH cioeBe. OMHCAaHM Ca METOAMTE 33 XapaKTepuU3upaHe Ha
CTPYKTYpaTa H TeXHHKHTE 3a HU3[IHTBaHe HA MEXaHWYHHMTE CBOMCTBa Ha crnoeBeTe. Hacnensanute
MoaudHUMpaHH clioeBe ca opMHpaHH BBPXY TOIJIOKKH OT HHCTpyYMeHTanHa ctoMaHa W320 u
THuTaHoBa cmnaB TiSAl4V. TloxkpuTuaTa Ha OCHOBaTa Ha HUTPUAM Ca CHHTE3HPAHH BBPXY
MOAJIONKKA OT HHCTpyYMeHTallHa cromana R18 u xpom-Hukenosa cromana 304L.
3a nony4yaBaHeTO Ha MOAM(HUMPaHH ClOEBe € MPHIOXKEH KOMOWHHDaH METOM, CHCTOALI CE B
eNeKTPOHHO-TbueBa 00paboTka, NJa3MEHO HHTpPHpaHe M IOcjeBalla eJeKTPOHHO-TbYeBa
obpaborka. Hutpuanute nmokputus (ZrN, CrN, TiN/CrN) ca OTNIOXKEHH Ype3 NOCTOSHHOTOKOBO
Mar{eTpoHHo pasnpamsade. Kpucranorpadckata cTpykTypa Ha mnomyveHuTe o0pasuu e

onpezeneHa no meroaure Ha XRD. OcHoBHO ca u3cneaBaHH (Pa30BHA ChCTAB M NMAPAMETPHTE



Ha eneMeHTapHaTa KneTka. CTpyKTypaTa Ha MONy4eHHTe 00pasuM € M3cie/BaHa ¢ METOHUTE Ha
eNeKTpOHHO-CKaHupallaTa Mukpockonus. C noMolira Ha codryep Anfatec Present ca HanpaBeHH
3D u3o6paxkeHus, Ha pa3TAYHH MECTa Ha MOBBPXHOCTTA C pasMepH 30x30 pum.

HanpaBeHu ca W3CNEABaHMS HA HAHOTBBPAOCTTA M MOIYNBT HAa €NACTHYHOCT Ha MOIYHEHHTE
nokputus . U3cnenBana € H H3HOCOYCTOAYHBOCTTA Ha MONY4EHHTE MOKPUTHA .

3a onpenensHe Ha AeGennHaTa Ha HUTPUAHATE IOKPUTHA € H3MO/3YBaH METOAA Ha HEYTPOHHATA
pedeKTOMEPTHS, KaTo H3MEPBAaHHATa Ca HANpaBeHH HA peaKTopa UBP-2 B OUSAH, [lyGHa,
Pycus.

B rnasa 3 ca uscneasann tonnuuuute npouecu npu EJIO. IpeacraBeny ca pe3ynaTaTd ot
u3cneqBaHe Ha MOAHGHIHMPAHH COEBE, BPXY MHCTPYMEHTA/IHH CTOMaHH, MOJYHEHH 4PE3 EJIO
u TTnasmeno Hurtpupaswe, ¥ ca NpeACTABEHH Pe3yTATHTE OT M3CIEJBaHE HA MOBBPXHOCTHO
MOJH(HLUHPAHH THTAHOBH CIJIABH.

['naBa 4 CbOBLPXA PEe3YJTAaTH OT EKCNEPUMEHTANIHUTE H3C/EBAHMA HA I10Jy4aBaHETO Ha
PaJMEHTH TOKPUTHS BBPXY HMHCTPYMEHTAIHH H XPOM-HMKENOBM CTOMAHH OTJOXEHH Hpe3
MeToJa MOCTOSHHOTOKOBO MarHeTpoHHO pasnpambane. IlpeicTaBeHH ca METOAMTE H
PE3y/ITaTH OT U3CJICABAHE HA MPaIMEHTHA MHOTOC/IOHHHU MIOKPHTHS HA OCHOBATa HAa HUTPHIH.
IIpencTaBeHH ca pe3yNTaTH OT CTPYKTYPHH H3CJIeIBaHUsA HA MOKPUTHATA, TAXHATA TEBPAOCT,
MOJIYJIMTE Ha €JaCTHYHOCT H M3HOCHBOYCTOHYMBOCT. OCHOBHHTE pe3yiTaTH ca OTPasCHH B

pa3zena «[IpHHOCH» B HacTOAllIaTa PELEH3N.
Xapam*epnc*r HKa HA eCTeCTBOTO HA NpPeACTABCHHSA MaTepuall.

B TO3M [AMCEPTALMOHEH TpyA  Ca NpPENCTaBEHH  CKCMEPHMEHTANHH Ppe3yNTaTH Ot
CHCTEMaTHYHO M HACOYEHO MpOBEJEHH HAyyHM WH3CAelBaHMA Ha MOAWGHLMPaHH
NMOBBPXHOCTH HA METAIM M CILIABH NPH CHYETABAHE HA METOJMTE HA EEKTPOHHO- JTbHeBa
06pa6oTka M MIa3sMeHo HMTpupaHe. Tesu METOAM JaBaT BB3MOXKHOCTH 32 NOMy4aBaHe Ha
rpajMEHTHH CTPYKTYpH M MONOOpABaHE Ha MEXAHMYHWTE NapaMeTpH Ha Ch3NAJCHHTC

MaTepHaJIH. H3CNeABaT TONJIMHHHTE NPOLCCH NpPOTHYaWH NpH NOBBPXHOCTHA EJIO na metanu u



CIJIaBH, KAaKTO H NMpPOMsAHaTaA B MHKPOCTPYKTYpaTa H MEXaHHYHH CBOiiCTBa Ha MOHHQHHHP&HHT@

MOBBPXHOCTH . HPCJ.UIO)KCH € YHCIEH MOIEN, KOHTO OMHCBAa TOIIHHHHTE TNpoLeCH IIpH

MOBBPXHOCTHA €JIEKTPOHHO-ITBYEBA oﬁpaﬁoma CbC CKaHHpall €JIEKTPOHEH CHON Ha METAJIH H

CTJIaBH [IPH OTYMTaHE HA TEXHOJNOrHYHUTE TapaMeTpH B MpoLeca Ha CKaHHpaHe.

Hay4su npunocn

OT nony4yeHHTe B AMCEPTALMOHHM TPYJ pe3ynTaTd Ouxa Morau aa Osaat oOOGLIEHH ClIeaHHTe

OCHOBHH HAay4YHH NPHHOCH:

PaspaboTeH e uMclieH Mozen, KOHTO ONMHCBA TOTUIHHHHTE MPOLECH MPH NOBLPXHOCTHA
€JIEKTPOHHO-ITbYeBa 00paboTka CbC CKaHHpALl €NEKTPOHEH CHOIl HAa METAJIH W CIUIaBH
NpH OTYHTAHE HA TEXHOJOIHYHHUTE MapaMeTpH B Mpoleca Ha ckanupaHe. Ha ocHoBara Ha
NPEJIOKEHHS MOJE] Ca M3C/NeJBaHH TOIUIMHHHTE MPOUECH TIPH €NEKTPOHHO JIbYyeBa
obpaboTka Ha WHCTpYMeHTalnHM ctoMaud u cmnae Ti54. J{okaszaHo e, ue cloeBe Mo
AbnbounHa Ha M3CHeABaHHTE 00pasLy AOCTHraT TEMNEPATYPEH MAKCHMYM MO-KBCHO OT
Te3H Ha MOBBLPXHOCTTA, KATO CKOPOCTHUTE HAa HArpsBaHE H OXJiaXJaHe Ha MOBbPXHOCTTA
ca [10-BHCOKH OT Te3H o AbJO0oUNHA Ha npoluTe.

VYcTaHoBeHO € , 4e npu KOMOHHHpaHe Ha METOANTE Ha eJIEKTPOHHO JbueBa 00paboTka u
NJa3MEHO HHTPHpPaHE Ce MOCTHra ysK4aBaHe Ha MOBBPXHOCTT2 HAa MHCTPYMEHTaJHa
cromaHa W320, nomobpsBar ce 3HaYMTENHO MEXaHHYHHTE CBOMCTBA Ha TpeTHpaHaTa
30H4, B CPaBHEHHE C M3XOJHHA MaTepuan. YCTaHOBEHO € (OPMHPAHETO Ha IPajHEHTHO
TIOKPHTHE BBPXY HHCTPYMEHTaNHa ctoMaHa W320, upe3 enekTpoHHO-TbueBa 00paboTKa,
NJIa3MeHO HUTpHpaHe W oTaoxkeH caoi oT CrN. [TonyueHaTta rpagHeHTHa CTPYKTYpa € C

nonobpeH: MEXaHHYHH CBOHCTBA — BUCOKA TBBPAOCT U 100pa H3HOCOYCTOHYHBOCT

3a nbpBH MBT € MNPHIOKEH € METOA 33 MOBBPXHOCTHO MOAMQHLHMPaHE HAa THTAHOBH
cnnasu (Ti54) upes u3non3BaHeTo Ha eneKkTpoHeH cHon. HaGmonaBaHo € NOBLPXHOCTHO
CTPYKTYpHpaHe Ha ofpasuuTe M YBEJHYEHHE HA CTOMHOCTHTE Ha TBBPAOCTTA Ha

NOBBPXHOCTHHS C/IO¥ Cliej| PHIaraHe Ha NOBbPXHOCTHA ENIEKTPOHHO JTh4eBa oGpaborka.



- VYcraHOBREHH ca YCIOBHA 3a TOny4aBaHe Ha MOKpHTHA oT Zr/ZrN BbpXy
HHCTpYMEHTallHAa M XpOM-HHKEJOBA CTOMaHM , M3C/IeIBaHH ca CBoicTBaTa M ca
YCTAaHOBEHH BHCOKA TBBPAOCT H M3HOCOYCTOHYHBOCT.

- TIlpennoxeHn e MeTox 3a MOJNy4yaBaHE HA MPAJUEHTHU CTPYKTYDH BBPXY UHCTPYMEHTANHA
ctoMana W320, checToALIM ce OT eleKTPOHHO-ThYeBa 00paboTKa, NnasMeHo HATpHpaHe U
OTJIOKEHO HUTPHAHO mokputde (enHocnoitHo (CrN, TiN) u aeycnoiino (TiN/CrN)).
IIpoBeneHuTe H3cneABaHMS MOKa3BaT, 4e MOJNYYEHUTE CTPYKTYPH ca ¢ mnonoOpeHu
MEXaHHYHH CBOHCTBA — BUCOKA TBBPAOCT H H3HOCOYCTOMYHBOCT,

JInvyeH NPHHOC HA JHCEPTAHTA

AHanu3a Ha JUCEpTalMOHHMA TpyA M Nybnukauuure Ha Mapus Artanacosa OpmaHoBa |
BBPXY KOHMTO € Hal|caHa AMCepTaLMATa, aBaT OCHOBAHHE J]a CE NMPUEME, Y€ TA HMa OCHOGHA
u 6o0ewa pons 6 mesu uscnreosanus. PaspaboTeH e 4ucieH MoaeN, KOHTO ONMHCBA TOIUIHHHHTE
MPOLIECH NPH NIOBLPXHOCTHA €NeKTPOHHO-Th4eBa 06paboTKa ChC CKaHHpAIl €1EKTPOHEH CHOIl Ha

METaJY M CIJIaBH NPH OTYHTaHE Ha TeXHOIOrHYHUTE NapaMeTpH B MpoLiEca HA CKaHHpaHe.

HonyanaHeTo Ha Mo- rojamara vact or o0eKkTHTe 3a H3cleaBaHEe, IPOBCACHHUTE
€KCIIEPHMEHTH IO pa3lUYHHUTE H3MEpBaHUs Ha OCHOBHHUTE CBOMCTBA M 3aBHCUMOCTH, M
AHAJIM3UTC Ha HAYYHUTC pE3yJITarTH, Ca JIH4YEH NMPHHOC Ha JOKTOpaHTa. Jlnuen [IPHHOC Ha
AOKTOpaHTa ca CbIO H Hanpaeenume 13800U U UHTEpIpETalUsATa Ha €KCIICPpUMECHTAIITHHTE

pe3yJITaTH OT NPOBEACHUTE H3C/IEBaHUS C U3MNON3YBAHUTE METOMM.
IlyGaukanun mo AUCEPTAUMOHHHS TPYA

HuceprauuonHuss TpyAd € HamuMcaH Ha OCHoBata Ha 4 mnyGnukyBaHH paboTH B

CNELHATH3HPAaHH CIIMCAHHA, OT KOHTO 3B CrneHaIu3vupaHy CIMHCaHHA C Hmnakr d)aKTop:

Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions with
Materials and Atoms, IF:1.323 ,Bulgarian Chemical Communication, 49, special issue A,

2017, ISSN: 0324-1130, 98-102. ISI IF:0.229 ,Vacuum, 135, 2017, IF:1.558



U 1 nybnukauuu B cnidcanue ¢ umaxt panr: Journal of Physics: Conference Series, 700,
Institute of Physics Publishing (IOP), 2016, , SJR:0.22 .

JokTopanTkata uMa 3 nyGnuKkaumi B crnucaHus WHAaekcupaHn ot Web of Science wim
Scopus, KOUTO MpeACTaBsBaT NOKJIAAH Ha MEXAYHApOAHH KOH(GEPEeHLMH M0 TEMaTHKaTa Ha
IUCEePTALUOHHUA TPY.

3a eAMH KpaTeK CPOK chea nyGiaukyBaHeTO Ha Te3d paboTW, mMo- Majako OT JBe TOJMHH ca
3abenssand 11 uurara Ha paGoTHTe Ha JOKTOpaHTKara.ToBa € J0Ka3aTeNCTBO 3a aKTYalHOCTTa Ha
pa3paboTBaHaTa TeMaTHKa B AMICEPTALMATa W Ka4€CTBOTO Ha MOJYYECHUTE HAyuHHM pe3ylqTaTH H

NMPpHHOCH.

ABTOpe(epara € HanpaBeH ChIJIACHO M3HCKBaHUATA Ha 3PAC M npaBUNHMKA 3a M3IBIHEHHETO MY.
B aBropedepaTa ca OTpazeHM HayYHHTE NPHHOCH M OCHOBHHTE peE3ylTaTH, NpeACTaBEHH B

AUCEPTALMOHHHS TPY .

3AKJIIOYEHHUE:

IIpencTaBeHHST AHMCEPTALIMOHEH TPyA Ha peaseH JokTopant B HE- BAH
mMarucTbp no puzuka Mapua Aranacosa OpMaHOBa XapaKTepH3Hpa KaHAHJATA KATO
kBaauGHUHUPAH cHeLHANMCT B 06/1acTTa Ha (PH3MKATA HA MaTepHaJMTe , cocobua 3a
npoBexaaHe HA HAYYHHM H3CJEABAHHA HAa BHCOKO HAYYHO HHBO B MHOI0 BAa)KHA H
nepcneKTHBHA 00JacT Ha PH3HKATA HA MATEpPHAJHTE.

B 3zaxmouenue yOGeneHo mnpenopb4yBaM Ha IlouwTaeMoTo KYypH nO GH3HKA H
nouutaemus Hayuyen CnBer Ha HE-BAH na nprchan HA MarueTep no ¢pusnka Mapus

Atanacoa OpmaHOoBa Hay4HATA CTeleH ,, AOKTOp”
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