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HA

fionyr{aBaHe Ha oopa3oBaTeJrHa r,I Hayr{

PocEH rZopnasoB uEoprr4EB

EH NO CIEIII4AJIHOCT

CoSux, a rpe3 2073 ce

Al4rlnoMr{pa Karo Mafr,rcrpp e Texuusecro4 Vuueepcarer Ee

,,flpoexrupaHe Ha $oronula Mpexr4". flpes uoennpu 2014 f. e H

Vluwuryra no orrrr4qecxr4 Mareppralru tt rexHoJrorr4n - EAH, a

AoKTopaHT B cbrrlr4.fl rzHcrr4TyT c Hayr{eH pbKoBoAlrrenr,r npo$. r<a Ba6eea.

flpe4craneHLtflT Mu 3a perleH3urr Ar4ceprarlr4oHeH TpyA cbA p>xa 115 crpauuqu, BKJI.

ctllzc:sK nyltuxaunu u cnlcr,K Ha c:bKpauleHr4sra. Ihareparyp cnpaBr(a o6xsawa 246

crarvrkl, vrouorpa$au u cnpanor{Hurlr4. flrzcepraquouHur rpyA e c TeMaTr43r4paH B HSKOJTKO

uIaBLr, KaTO BKrrOrrBa yBoA, r{enu Ha Ar4cepTtrrluoHHr4.g rrraTepaTypeH o03op,

eKcIIepI4MeHTaJrHa uacr, pe$yJITarH u o6crNAane, 3aKJrroqeHr4e, rr

TpyA e HarlldcaH qcHo, TorrHp 14 MHoro npeIIH3HO.

Hocrz. {ucepraqzoHHrrrr

Ilareparypuusr o63op Ha ilLrceprarllroHHlr.fi TpyA ce

II:bpBaTa r{acT ce pa3fne}r(AaT MeToAUTe Ha OTJrafaHe [ra T:bHKr4

14 or rrerr,lpu vacru. B

Be KaTO MHO|O TTOApOOHO

ca onr4catr4 Susuuecxnre rr xuMr.rqecKr4 MeroAlr Ha o'rJrafaHe. Ouu

Mesonopecr uao6nes oxduA:

l eMa Ha Ar,rcepTarllrsTa:

fionyrraBaHe,xapaKTepr43HpaHe r4 on

rrp14noxeHr4t

PeqeuseHr: upo$. a-p IOpufi AHreroe Kunauen, Zncruryr no

oT MeTOAHTe, KaTO CA FOCOrreHr4 IIOIXOASTTIT4Te Anyqa,n 3a

npeAr4McrBara pr ne4ocrartur4Te Ha Mero4r4Te, Cre/ieaqara qacr

Ha nonyqaBaHe Ha Me3OIrOpeCTr4 MaTepr4€urH, KOHTO Ca CpeACTBO

HM e r43BT,pIrIeHo [o xHMr4rrEH c6craB. Har<par aa pa3rneilaHn creKo

BHlrMaHr4e Ha npeAl4Mcrearla Ha Me3orropecrr4 creKoBe ua Epar,

uenTa Ha luc,epTaur'roHHrr{ lrpyA - HaMHpaHeTo Ha noAxo4'jt\H y

r I l-'

Aa c eprarlr4.{ra. P a3 rr e p:atu c a p a3nurrHa M e3 o n op ec.ttr Mar epnarrLl cLrcTeMaTrr3r{paHeTo

Poceu froplaHon feopruen 3aBbprrrBa 6trrcaraerpcxa (

,,TelexoivryHr4KarTr4Lr" upe: 2009 r. n TexsuqecK[ YHunepcurer,

EAH- I4OMT.-1
.j

N?2e.. | 3*,./.U.P-/.d

a cTeIIeH ,,4OKTOp" Ha

krcvpaHe 3a ceH3OpHH

ug - BAH

r4I{ IIO CIIeqUanHOCTTa

HAqEH KATO HHiI{EHEO B

IIO-KbCHO KaTO 3aAOlIeH

H e rrpr{Hul4fr5T Ha BceKr,t

rrpvraralle, a c6rrlo kt

fIOCBCTEHA HA METO.trIITC

TIOCTI,IIAHC HA UEJITA HA

uaEpar. O6rpnaro e

BOAI{ H JIOn4qHO AO

3a B:b3rrpor43BoItrMo

Ha cJroeBe c 4o6poorJlaraHe Ha Me3onopecrrz rbHKrr croeBe or Nb2O5 3a nonyqa



OIITI4r{HO KaqecTBo, ItopITO IA 6TAaT

AeTeKTrrpaHe Ha [apr4 Ha opfaHr4rrHn

KOMTTaKTHO, frocTpoeH e nqfr4r{Ho 14

{enra e o6ocHoeaua y6earlrenno.

ycnerxHo r43rroJr3BaHH Karo a

BerrlecrBa. Jlureparypuuar

ca I43IIOn3BaHr4 noAXoAqu{I,ITe nr4TepaTypHr4

BHa cpela

e HanI4caH

3A OIITIZTIHO

CTEIHATO I4

I,I3TOr{HI4UI4.

Cneqnamra rnaed e orAeJreHa Ha xapaxTepv3r,r Ha opraHr4qHr4Te

cTpyKTypooilpeAenflrrlH arpHTr4, r.r3rrorr3BaHr{ rro Bp,eMe Ha rrony BAHE HA MC3OIIOPECTIITE

Marepuanvr. flocoqeuu ca Qcuoeuure napaMerpu, Hir KoHTo ce ana us6opa Ha rua6lou.

vrop Q oro ru suo r4 crpyrcrypHo xapaKrep u3trpale Ha Me3orr o pecru T6HKI4 cJroeBe or Nb2O5,

KaKTo 14 orrpeAensHe sa cno6oAHt4.rr o6eu u onrr4Mpr3rrpaHe pexs4Ma Ha 3afpflBaHe.

or cepra.rrra Pluronic uai4snorseaHr4 ca rrerr{pLr BHila ura6loga - 6roxosn ctrroJrr.{Mepr{

BASIT, Kor4To ca cr,rroJrr4Mgpr.r or rronr4nponuJreH oKcr4A n rroru eH oKcHA B pa3nr,rqHo

[poueHTHo cr,orHorrreHue. VIzcneIBaHr4 ca ceH3opnnre csoftc

NbzOs.

Bne'rarreH r4e npap'u r43no43BaHero Ha rrpeABapr4TeJrmo rrorrorBeH

ura6lou - afperr4panv qagrzrrJLr or cbcraBHrzre 6loxoBe Ha c6

rua6lon. ilo rosx Harrr4H ce rrocrrzra paBHoMepHocr Ha rIopHTe no

Ha cros r.r roBa cnoMara 3a rto-JrecHa u no-6rp3a Aocrsrrnocr

opraH[rrHr4 cGeAHHeHr4l e {rrranHma ape4a.

flracepraquonHnqr irpya o6xn ail\a v caereMarr43r.rpa r43cn

T:bHKH cJIoeBe, oupelelglre Ha T.f,xHara Ae6em,IHa vr orrrl4r{

npeqy[BaHe r{a ABaTa Tarr4 peAyBaqr4 ce cJroeBe B cTeKoBeTe Ha

cTpaHa, no3rioJrtBa Aa cq [ocTr4fHe r]o-Br4coKo oTpaxeHlie,

rryBcrBureruocr, Bropnrt maltou PE6200 e ns6pau, 3arrloro c

a6cop6upa safi -rolgnao xorla.recrBo arleroH,

Mr4rlenapeH pa3TBop KaTO

oJrvMepa, I43fIoJI3BaH 3a

rroBspxHocTTa v B ooeMa

Ha IIap}{Te Ha pa3nr,rriHI'I

AHUflTA IIO OTJIATAHC HA

KOHCTaHTI4, O[ITI4qHO,

HA TbI{KI,ITE CJIOEBE OT

.Hap creKoBe Ha Epar) e

Ha JreluI4Br4 OpraHur{Hr4

MEHHO B TA3I,I HACOKA E

or Hno6uen oxcr.rg. 3a

BeH TOBa rrprzTe)KaBa a

HI,lpAprKl4 fO C nJrbTHr4t

par). Toea rr:br or cBos

OT TAM VI fIO-BI{COKA

oqlr npI4roTBeH c Hefo,

Brpaxt4aHero Ha nopecrzrp cJroeBe B r{erBbpr-BbnFroBr4 crexone (

Aoo:bp Harrr4H Aa ce yBeJrurlr,r MHofoKparuo nr:4efic,rBaero Ha rrap

cbeAr4HeHrr.fl Bbpxy o[THrrqr4s orKJrHK Ha rropecrara crpyKTypa.

[peAcraBeHoTo tr3cJreABaHpTo Ha Me3ocTpyKTypHpaHr4Te cJroeBe

creKoBere ua Fpar ca uz6panu p:Ba BLr1la nopecrr.i oJroeBe, noJr u c PE6800 ra PE6200.

flrpeuar e c uafi-rolrMa nqpucrocr or Bcr4rrKr{ r43y.rraBa:r^a cJroeBe.

:nafi,-uucxus noKa3aren Ha [peqynBaHe. Toea osuauana, ue xou6

Nb2O5, ro:u clofi ocuryp.{na Hafi-nucon orrrarreH r<ourpacr ( KA B IIOKA3ATEJII4TE HA



flpoeeAeHoro rr3cnpABaHe e aKTyanHo B HayqHo u Hayq

l'Iurepeclr Kr,M rl3noJrsnafre Ha Me3o[opecrr4Te or(cr4Ar4 Karo a

ceH3opr4 Ha Brrara v netnlrBH opfaHr4r{Hr4 c:beAuHeHr4{ e rI

olToxI,IMUqHI4Te CeH3OpU [rMaT MHOTO npelvMcrBa rrpel KoH

ceFl3opu, Karo ceneKTr4BHQcr, r4MyHr4Ter KbM eJreKTpoMafHHTHId

npu pa6ora c necHo 3arrarlr{Mu r{ eKcrrJro3r4BHH Bgrrlecrna. Te

pa6orxr npu crafiua rerr,rn{parypa u He r43r4cKBar pe$epeHrHa

I43fpDKAaHe Ha Epar creK or e[LrH u cbrr1 Marepl4€ur, Karo olrrtrq

r{pe3 cb3AaBaHe Ha Me3orlopr4crocr B H3rroJr3BaHun Marepr4an.

Nb2o5, 3arIIOTo e upospavpH oKcr4AeH rrOnynpoBoAHHK C OTnr,rq

ycroftuueocr, KaKTo n xupela, TaKa Lr B aJrKaJrHa cpega. Oc

rroKaiareJr Ha rrpeqynBaHe, Koero [o3Bon.f,Ba MollynHpaHero M

ocrrrypsBa BacoK onruuef KoHTpacr, Heo6xo4urra 3a reHepr4pa

orpalKeHr4e nocpeAcrBou Malrx 6pofi cloene B creKa.

fluceprauruT no3HABa MHofo 4o6pe c:6cro.s]jr4ero Ha rI

6roKoeu cbnonuMepr4 or KoMepavarHara cepur pluronic Karo reM

Me3onopecrH T'bHKr.l aJroeBe c roJlflM cno6o4eH o6ena u HHcKr4 rroK

Bcr4qr(o or rrpefne4uo o$opMeHr4r H crpyKryprzpilH nnrepary u o6sop. Kouxperuo ca

e Ha AI{CepTarIproHHaTa

[epr4MeHTLi U CneABarq

I,ITC 3AKJIIOqEHUq..

OcHonsnre pe:ynratu v usBo1t4 K'bM AtrcepraulflTa Mofar ce o6o6ulgr rro cJreAHLrs

HAqHH:

t{pe: u:nol3BaHe naj son-rel MeroAa u [oAxoArrrlo u:6paH

rrpr4nolKHo oTHOIIIeHr4e.

vBHa cpeAa 3a o[TI4rIHr4

3Br{KaH or $ama, qe

TII,IOHaIHIITe pe3r4 CTI,IBHT,T

MyrqeHr4.f, ra 6esonacHocr

TIyBCTBITeJIHII, eBTLIHI4,

a. LIz5pau e rroAxor Ha

r4{T KOHTpaCT Ce IIOCTr4fa

aro MarepkraJr e us6pau

XI4MLITIHa 14 KOpO3I4OHHa

rona Nb2O 5 vMA. BLrcoK

B rxr4poKr4 rpaHr4rlr,r r4

e Ha r4Brrrla Ha Br4coKo

a, KoeTo nr4qr,I [peArz

MHUenapHr4 pa3TBOpr4 Ha

frr naorar Aa ce nonyriar

raTa cpeAa v rrJrsTHaTa

pa3TBop e 50Yo no-foJrrM

Mr,rqenapHa Qopnaa. He e

cJ7ofl. t4 KOJIHqeCTBOTO Ha

unrelZra PE6200, rcofiro

roApeAeHH B peAHr{r4 oT

Kor4To npurexanar Haft-

c roJrflM cno6o4eH o6ena u HHcKr4 rroKa h Ha rpeqyneaHe. flo
TaKbB Haqr,rH ce ocHtyptBa s,ocTaTT,qeH onThqeH KoHTpacT Me)r{Ay

cpeAa ttpu H3rroJr3BaHero HM Karo rpaAr,tBHH 6rorcoee Ha creKoBe Fra

Cso6o4unrr o6ena npu cloeeere, crpyKrypupa,Hu c MHr_leJrape

B cpaBHeHHe c rosu flpu cnopBere, noJryqeHu c reMnJteilr, rofiro He e

ycraHoBeHa npflKa Koperaq4r Me)r{Ay rer-repHpaHnn cno6o4eu o6err,r

a6 cop6 up auol'o Be ulecrBo

Hafi-rorsnao rcoluue(reo a6cop6vpaH arleroH ce noryqaBa c

uwa uait-nucKa ToqKa Ha nqMtTHrBaHe H eAT4HCTBeH O6pa:yea nopu

HflKoJrKo nopa, 6es La oe Hp6lro4aea AareqeH nopsl,r,K, Cloe

roJrrM ceo6o4eu o6ena a no(asear Haft-rolsnao KoJrr4qecrBo a6cop6u H aqeToH ca H3noJI3BaHH



3a BrpalKAaHe B CTeKOBe

A3LIHCJ]EHH CTOilHOCTH

Ha Epar, r43fpaAeHu caMo or Nb2Os. tlpe: c

ua prKnhKa Ha creKoBe Ha Epar, cibcroflrr1

B Ar4CepTarIr4flTA B eAHu

e Aa ce a:6epe e4uH

u 3a HMero <Epar> - e

[oTBT,pAeHO, qe napuTe Ha arleToHa npeMHHaBaT [pe3 BCr4rrKH

ycfleuHoTo npHno]r{eHHe H4 creKoBere 3a AereKTHparJe Ha IIapH Ha

orpax(eHhe, TaKa v B pe+(r4M Ha rrponycKaHe, Karo rrocneAHHt

TexHoJIOfHr{Ha fJreAHa ro,lrcd. florcasaHa e 14 eBeHTyaJIHara B63MO}n

Ha [rapHTe, frpr4 Koero ce cl$lrz npoMflHaTa Ha L{BeTa Ha ceH3opa,

AnropeS eparsr orpa:qBa ocHoBHr4Te rroJro)K eHprs, Ha

Ktu u:lolxeHnero Ha Auceprarlr.roHHr.rr rpyA HMaM Hs

ga6elexxu:

Irlsnol:nalu4Te MepHr4 egn$uqu

B lpyru Ha Krpvnvua. PdAHo

Ar4ceprarIua. Crrqoro ce oTHact

<Eper>.

flocoqegure sa6erelnxu ca rexHr4qecKa r{ He .HaMaJr.sBar

Vlvatvr Bbrrpoc xrna rfaHgrz.4ara. Kaxno ce pa^:6r,rpa rroA (rr

Kaxea e nolpeA6araHa nopure Ha rronyqeHure warepuanu?

l4:cle4naHr4flTa no reMara Ha Ar{ceprar\uflTEL ca ny6nuxy

eAFra B HayLrHo cnr4caHr,re - Optical and Quanturn Electronics

xoucpepeHquu

- 20th International Sumq\er School on Vacuum, Electron and

September 2017 , Sozopol, $ulgaria:

SPIE ..Advances in pptical Thin Films VI, 14-17 May 201

Marepuuure ro 4v cepraqlr flTa ca npelcraBeH v u Ha 3 ve>x4yna

flpe4craeeHara crrpaBKa 3a B3erHTe H3rrr{TH I,r [onyrleHr4Te K

e noKpnn Bcr4qKr4 nzucxeafiur [o KpeAr4Tna-ra cucreMa na I_{eu

KaKTo sa o6pa:oearerrnura, [axa u 3a HayrrHara rrporpaMa.

[osHaeaN4 f-H ffeopraen or cneur4aJrr43npalnfl

<lrlufrpauepBeHa cneKTpocxpnrzl>>, xofiro My BoAex. Ou{e roraea aa

I{ayqHoro crz .nro6onurcrBo, c lro6o:uareJrHocrra cu. Cera eu

caM Aa perxaBa Hayr{Hti 3aAaqr.r.

, qe e u3pacTn a Moxe

HrBaHe Ha r43MepeHHTe H

ce or 3, 5 u 7 cttos. e

Ha creKa. lloxasaHo e

, KaKTO B peXI4M Ha

e 3a rrpeAnoqHTaHe oT

3a "qBerHo" 4eteKTupaHe

VTflTA.

ou 4pe6nu rexHr,rqecKra

cnyqar4 ce PI3III4CBAT HA JIA'TNHIdUI. A

a ce r43noJr3Ba B rltnaTaMOACJI 14

AacepTaur4 ce r{3rroJr3Ba <Epar> u

rp o cr4Te Ha AIICepTaIryrflT a.

oT 3aTBOpeU rnn>?

14 B 'rpr4 nyonaKarlr4r. -

lr ABe B MaTepr4aJIH OT

on Technologies, 25-29

Frankfufi, Germany

14 HayrfHH flpo.[Bl4.

IIOI(a3Ba, qe KaHAHAaTST

:a O6yueukre Ha EAH,

KTopaHTCKr,r Kypc ro
. HAIPABII BICI{ATIEHI,IE C



3ax.lroqeHue

fiucep'taqmnta, [peAcraBeHa or KatilHnara [oKpHBa z HaAXB:bpnq ro o6ena u

pe3ynraru, Ia3r4cKBaHr4flTa #a 3axoHa 3a pa3BI4TLie Ha aKaAeMr.{rrHr.r cbcTaB r{ rrp aBr4JrHr,rur4Te

3a HeroBoro npunoxeHlre, p qacra r4M 3a rrprrct)KAar{e ua o6pa^:o HU|A V HayrrHa cTerIeH

"4oKTop". lly6nuxynauu d,a rpu pa6orvr e1Hara or Kor,rro B

urrlnaxr-$axrop. flonyvenfire pe3ynrarlr ca AoKnaABaHLr Ha rpu

yr{acrr4e. 3aderg:au e qur{r Ha eAHa or pa6ora B HayqHara nrzre

apoAHo cnvcaHtre c

pyMa c MexAyHapoAHo

TerrbpBa HeroBr4 pa6oru fie 6yasr HHTepec H or:3ByK B JrHTe TA.

I43CJICABAHI{fl.Ia Ha KaHAI4ffaTa ca [onyI{HJIII I4 IIOJIoXLITeJIHaTa

cII eur4aJrr{3up aHkr p eueH3eHFr4.

Brs ocHoea Ha nc{uKo ropeKa3aHo c y6e4eHocr rue rJr

o6pa:onareJrr{ara H HayqHa crerreH o'4oKTop" Ha Pocr;H frop4aHoe

orIeHKa

14 cbM y6e4eu, ue

B rosu cMI{cbJI,

HA CbOTBETHI4TC

BAM 3A rrpr4cblr(AaHe Ha

pfHeB.

Cofrua, 27,12.2019 r. Peqeu:elrr: /FO. Kr,n


