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Hayvuoro xypu no KoHKypc e IIKI4T-EAH,

3a 3aeMaHe Ha aKa4euvIqHara AJIT,x(Hocr ,,upo$ecop";

.4o

Hayvuux cbBer Ha tr4ucturyra no KocMuqecKl{

pr3cJreABaHHr u rexHoJTofut{ npll EAIL

PEqEH3tAfl
Ha HayqHure pe3ynrarLr vI TrocrkrxeHrrr ua Kopuenu fpuzopuee fpuzopoe, e.4HHcrBeH

yr{acrHt4K B KoHKypc 3a 3aeMaHe Ha aKaAeMI4r{Hara AJrb}r(Hocr ,,npo{lecop" n o6lracr Ha

BLIcme o6pasonanue 4.Ilpupoduu uayrcu, MameMamurca u uu{topuamuKa; upoSeczoualuo
HarlpaBneHue 4.I @usuqecrcu HqyKui HayqHa crre{LranHoet ,,Cmpyrcmypa, MexqHultHt,t u

mepA4uqHu ceo;tcmea ua rcoudeusupaHama Mqmepufl(', 3a Hy)r(Ar4Te Ha ceKrlr{r ,,KocMurtecrco
MamepualosHq.Hue"- uy6lzrynaH n [rpxraneH BecrurrK 6p.2. or 08.01.2016 r.

or r{n.-Kop. [poQ. a.$rEs.n. ranrx feoprz Muxafilon Mna4enoB, rrJreH Ha HayrrHoro ]Kypr.r ,

cb3AaAeHo c 3aloBsA Ha "4l4peKropaHaUKI4T 
r{[.-Kop. 4tr. flemp leqoe, Ha ocHoBaHr4e

utl4(2) or 3anoua 3a pa3BI,ITrre Ha aKaAeMr4rrnnfl. cbcraB n Peuy6nzxa Eslrapra tr v crrlracHo
peIxeHIIe Ha Hay.IHI4.f, c6Ber naI4KZIT-EAH (nporoxon No12 or 26,0I.2016 r,)

1. Kparrcu 6uorparfuqHlr AaHHI{ rr xapaKTeprrcrrrKa Ha HayqHr.rre r.rHTepeclr rd Ha
rreAarorlrqecKara Aefi Hocr Ha KaHArrAara;

Aoq. a-p Kopneln fpuropon e po.4eH rrpe3 HoeMnpu 1960 r. B rp" Co$ur. 3anr,purnn
e MunHo-reoJroll(Kl4{ yHrrBepcr.rrer rrpe3 1984 r.-cnerlzaJrHocr ,,Sz:uxa ra reofrra:rar<a""
flpes 1984-1985 f. pa6oru rcaro r.rnr(eHep s VIE EAH, a rpe3 1985-1986 e Ha
creq[anr43arlrl-rr n Zncrla-ryra rro frzsurca Ha IIAH. llolyuun e Hayr{Hara 14

o6pa:onarenHa crerleH A-p (ph, D creneH) upes 1990 r. n llonura, BbB Bapurancrux
TexnonoruqeH yHI4BepcLITer - I4:r'crulyr rro Mr{KpoeneKTpoHyrKa pr orrroeJreKTpoHr4Ka.

[rzcepraqasra My e Ha reMa ,,EQercm ua o6naqaaHe s'bpxy napav4empume Ha MOC
cmpyKmypu". flpe: 1991 r. pa6oru s WE BAH; rryezl992-I993 r. e ,,post-doctoral"
LI3cJIe.4oBarer e I4ucrkrryra no Syn4arvreHT€IJrHa eneKTpoHr{Ka Ha VHrznepcurera flapuxr-
IOr. flpes 1993 r. e uz6pau sa n,c"II orerreH s WF. EAH. llpes 1995-1997r. e rocr-
Ir3cJleAoBaren e Jla6oparopvflTa rro eneKTpoHHa cleKTpocKonr{s xrrr,l Ynneepcr4Tera B

Harvryp, Eelrras. llpes 1998-1999 r. e foor-rr3cneAoBaren n I-{enrup ro lr3cnerBa:nus. Ha
csoficreara ua uHrep(peitcu u KaraJrr43a Ha Ynznepcvrera Jlasan n Kne6ex, KaHa4a. Or
1999 ao 2001 r. pa6oru raro n.c.I cr. (rrraneH acracreur) e ZE EAH, a rrpe3 2002-2003 r,
pa6orrz Karo craplrru rocr-I43crreAoBarerr n I4Hcuaryra rro rexHoJroft4u Lr aepoHaBTLrKa,
Sao Jose dos Campos, Epa:urux" flpes 2003 r. e orHoBo e I4E BAH, Kt,lero e u:6paH:a
cr.H.c.II cr (cera 4oqeur) r4 Karo raKbB pa6oru t4 rrpe3 2004 r. llpes 2005-2006 r. e
orHoBo n Epa:unzs., n l4uctttryra no rexHonofrzur kr aeponaBTr4Ka, cJreA Koero npez 2007
r. e rocryBarrl npo(pecop e Jla6oparopv{ no cuIrHLr MarHrzrHra rroJrera n ,{pes4eu,
fepuaHl'Ix, llper 2008-2010 r. e rlor(aHen npo(pecop n ZHcrvryra rro rexuoJroruvr kr

aepoHaBrl{xa, Epa:znus. Ot 2012 r. Ao cefa pa6oru Ha HafrHara AnbxHocr AoqeHT B

I4Hcrzryra uo KocMI4r{ecK[ I43cneABaHkrtr u rexHoJrofilu Ha EAH. fiucep.aryux za



IJayr;jF^ura crerreH AoKTop Ha orz3r4rrecKr{Te HayKr{ yclerrHo 3arrlr4TaBa B I4KI4T Ha EAH
rlpe3 2015 r.(15 ronra2015 r.) Teuara ue: ,,VIzpacrBaHe v r43cJreABaHe HarbHKrr cJroeBe 3a
rrpr4noxeHr4r B Mr4KpoeJleKTpoHrrKara r{ KocMr,rqecKoro nprz6opocrpoeHe".

Karo cnos HayqHo-rlegarof[qecKa Iefinocr 4oq. 4.$rzs.H K. fpzropoB Hr4 rocor{Ba
JIeKuI,roHeH Kypc, noftro e Ir3Hec:bJI sa (cne4)-4oKTopaHTr4 Ha reMa ,, Xapar<repr43r4paHe Ha
TIHKI{ cJroeBe c peHTreHoBo JIbqeHI4e 14 c Pr4ep$opAoBa o6parno-orpa}r(arenHa
crreKTpocKoilnfl" c [poAbDl(r4TeJrHocr 744 uaca, B r(arenpa ,,HayKa rz KocMr,rqecKz

TexHoJIofI4vr" Hal4ucturyr rro I43cneABaHVfl Ha npeAHr4r $pour, e Epa:nruls, [pe3 2013-
2074 roluna. !oq. 4.$Ia:.n K. fpzropoB e rlocoqLrJr 10 zuena Ha AoKropaHTV 14

AI4IIJIOMaHTI4, I43paCHaJII{ IIOA HefOBO pBKOBOACTBO, ABe r{MeHa Me)KAy KOr,rTO CA

6rnrapcrra, Ho orcr,crBar AaHHLI 3a reMr,rre Ha rexHr4Te pa6ont u sa Br.,rclrlrre yue6ura
3aBe4enrrg., B KoI{To ca nspa6oteHlr re3rz v3eJreABaHr4\ 3uroBa He ce HaeMaM ra rur
KoMeHTI,IpaM. Crqoro ce orHac;{ sa 6-re r43rrnTHrr KoMr.IcI4r{ B pa3rl,rrrHkr oplantaap4rr B

Bpazuttur. B rlepl4oAa 2005-2014 r., He nosHaeafiKv c"raryra rrM rrpr4 loryrraBaHe Ha
MalracrrbpcKa vrur AoKTop cKa crerreHr{ n Ep a-:nrur 

"

flpe4craneH Mr{ e rIbJIeH crlrlctK Ha Hay.r,urrre ny6nrararJvv Ha KopHelra fpnropon,
cbAT,pr(arq 82 zarnasnfl. Ha :nau.:r:avI crarvzr kr e4:aa Hayqua KHrrfa (nc:srqnocr rofi e

cGaBTop Ha ABe IJIaBI,I or ra3l4 xHrara). Cnucrxrt or HarrucaHr,rre cJreA xa6urlutagutta
crarr4n e or 42 3arJIaBLIt, Ho B ToBa qucro ca BKrroqenu u 2I rpyaa(or 26 o6rqo), Kor{To
ca r,r3rroJr3Bankr npkr [oJryqaBaHe Ha HayrrHara crerreH Aor(Top Ha HayKlrre (Tpy4one 1, 4,
7, 12, 15, 16, 20, 22, 24, 25 ,26, 28, 32, 33, 34, 35, 36, 37, 39, 39 u 40, r<ozro HrMa Aa
perleu3rzpaM, a Te rrle yqacTBaT B nperleHKaTaMv 3a KaHAr4IaTa no-cir,BKynnocr)

2, Ilper"neg r\ analil43 rra MoHorpaQn.urun rpyA (aKo KaHArrAarbr e rrpeAcraBrrJr

rarcrn) vJrr.r Ha HayqHure rry6iluKaquu, [peAcraBeHrr or KaHArnAara, Kor{To ca

pannocrofiHrr Ha uouorparfuqeH TpyA;
Or HasaHoro [o-rope craBa -ncHo, qe rrpI,reMaM 3a per]eH3rrpaHe:

. pa6oru B crrucaHnfl, c raunarr-QaKTop 3, 5, 6, 8, 9, 11, 13, 17,23,27,29,31, 4l u 42, Korrro
nplaeMaM Karo paBHocrofinu Ha MoHorpa$uuen rpyA, tlo cMr{cbJra Ha kr3rrcKBalrrflTa Ha

3aroua 3a pa3Brrrr4e Ha aKaAeMIrqHI,I.fl cbcraB n Peny6nura Burapnn; (O6ryu-fl r,rNa IF e

16,57).

. fpyna pa6oru, AoKnaABaHz Ha rcon$epeHrlr,rr4: 2, (or6et*BaM, qe 3a pa6ora 6 nonaAaula

or{eB[IHo B Ta3r4 rlacv$uraquoHHa fpyrla He e scHo KaKBo 3Haqkr ,,accepted" v B ABara
cnucr,xa?ho orHorrreHr{e Ha craryra ft; no tasu pa6ora uMa orrreqarbK B peHoMrrpaHo

crrurcaur4e)rropa4n Koero c6M r BKJrrotrrrJr B ropHlrr pa:4en) 10, 18, 79,21 u 30, lcoraro rqe

pa3fnelr(AaM Karo pa6orrz r43B6H <rraonorpa$r4-rtnr4s. TpyA) B KoHKypca 3a 3aeMaHe

aKaAeMr4r{Hara AJIG)KHocr <npo(pecop).

3. Xaparcreprrcrr,rKa r{ oIIeHKa Ha rlpl{Hoclrre B uonorpai[rrqn]rs. TpyA rrJrrr Ha

pannocrofiHrrre My HayqHu ny6.nurcaquul

B pa6orara [3] (n r.2, tyrc u flo-HararbK B TeKcra rue fron3BaM HoMepar\r4flTa B

cnuc:sKa Ha uy6nzraquure cJreA xa5utu'tnpate) ca r.r3cneABanrr [onyqeHn B

Ila6oparopur Ha HqKov or aBToplrre (poc$opo-cl4JllrKarHlr crcKJra rrpn eAHaKBr4

TeMneparypLr B Ar4ana3oHa 380"C-430oC, Ho B rrna3MeHo-ycropeHo xr.rMr4qecro rrapHo

oTJIaraHe-eAHr{Te, rr B Apyf peaKTop c x}IMuqecKo rlapHo oTJraraHe c Mr4Kpo-HzlJr.rrfaHe,

Apyrrrre cJroeBe, a cneA ToBa cneABa 6tpso repMlzr{Ho oup.flBaHe BbB BaKyyM 10-'Torr



rpl4 qeruplr reMrreparypr.r (or 800oC Ao 1400oC) rz npenrena or 15s ao 180s. C nonoqra
ira XPS ce BI{}KAa, ue $oc$opHrzr oKcr{A tr3rwrrBa (f ason [pexoA ]r ce rr3napsBa, ,qoKaro
cvIrvIJvreBws oKcI4A ce lr3rlapsBa r4 AeKoMrro3r{pa. Cr<opocrra Ha erIBaHe B TpaBrdren rr.rl
,,p" rpe4r4 6r,psoro repM[rrHo orrp{BaHe e 102 nm/min; npr4 orrpsBaHe npu 800oC s
TerIeHIze na 15 s e 9lnm/min, a cne4 orfprBaHe B Teqenlre ua 3 ruaH e 69 rtnlmin. llpu
orrprBaHe upz 1000oC 

" 
I200oC ra 1400oC sa 3 min cKopocrra Ha erIBaHe e 66,47 u 35

nm/min cborBerHo; r.e. RTA 3HaqrrreJrHo HaMaJrsBa oKopoarra Ha ertrBane"

Pa6orara [5] e nocnereHa Ha cpaBHr4TeJrHo rz3fraBaHe Ha KoMrrosvwrflTa Ha ra3a npr4

noryrlaBaHe T{a AIraMaHTo-noAo6nu rbHKrl cJroeBe, nonyqaBaHr4 c MafHerpoHHo
pa3rlpalrrBaHe. llpoqectr Ha orJraraHe e cne.4nvlfl: B rrpo.qbnlr(enve Ha 20 min c MorrlHocr
Ha MafHerpoua 150 W (upra HaJr.flraHe 1.8 mTorr z o6rq rroroK 5 sccm) Bbpxy cvrvr\ueBa
rrlracrr4Ha p-TI4rI (100) or.qBe ra3oBr4 cMecr{: auerlrneH-aproH rz MeraH-apfoH 14 Mr.rrreHa:

rpa(furona rlJlacrrrHa, orcro.sua na 50 mm or rroAJro)rffio-A6p)r(arenr, Karo cloMeHarr{Te

ABe fa3oBLI cMecl4 Ha rlpeKypcopa B fa3oBr4.f, pagpfl[, ca ot 4Yo Ao 80% or ra3oBr.rs rroroK r.r

TeMrleparypa:r.a floArrolKKara e 200oC. Cuecra c arlerr4JreH npr{ foneMr,r cbAbp)r{aHufl. Ha

xl4Apo-Kap6ono-cs4tpr(alql,If, ras-arlerlrnen rro3BoJr{ea no-6rpso ornarane Ha Ar4aMaHTo-
noAo6no rIoKpr,ITI4e, B cpaBHeHr.re c6c cMecra B Ko.sro yqacrBa MeraH. 3arona rrbK B

cMecTa c MeTaH ce oTJrafaT no-TBbp.4r'r noKpl{Tlzf, oT cJroeBeTe, cT,AbpxaIqII oTJroxeHrr

paAI,IKaJII4, rlonf{gHl4 npv allerr4JreHoBa Ar{corlr4allr4s. Maxcrzualna rBT,pAocr
lonyqaBaHl4Te sJIoeBe uMaT rrpr4 KoHrIeHTparIus l0%o v npu r{3non3BaHe Ha ABeTe

BbfnepoAo-cbAbp)I(arTrl{ frtsoBlr cMecrz. llpu xoHqenTparlrzrl Ha auerrrneua v MeraHa :aaq

10-15 oZ rntpgocrra Ha noKpr4Tr.rrra pffKO rraAa, rropa4tr HapaarBaHe Ha r{ucJroro

BoAopoAHI4 aroMI,I, I4HKoprIopI4paHr{ B cnoeBere. llocre4uoro ce AoKa3sa c Pai\aauonu

crleKTpr{. Har<pax rparraBr,rHlzTe lrpv r,r3rroJr3BaHe Ha cMecra aprou Ir aIIerI,rJreH ca rro-
foJreMr,r or re3rr npI,I r,r3rroJl3BaHe Ha cMeoeHr4 MeTaH 14 apfoH.

fly6nzraquna |41 e [ocBereHa Ha Lll:,cneABaHe erlBauero Ha [naMaHro-no4o6ur,r
(DLC) cJIoeBe, 6asupano Ha AkreJreKrpuuen 6apuepeH pa3p.r{A B KlrcnopoA rrpt4 rotrrr4
arriloc$epuo HaJrrraHe. PagrraqHw pa6otuu pe)rc{Mr{: :oalrflrartprs. or 55 rPa Ao 75 rcPa;

BpeMerpaeHe- or 1 min. lo 20 min.; pa^:cro.sHpre eneKTpoA-rroAno)KKa: 5 -10 mm.
Croeeere npeAl{ I{ cnen eIIBaHe ce aHanu3r4par c PaMauosa crreKTpocKorrLrs., aroMHo-
cIrJIoB MlzKpocKon ra nporpunoMerrp. Cxopocr Ha erIBaHe no 7 nnlmin ce uocrtrta c

MoIrIHocr 2.3 W npu 2 cm2 ercnoHupala rrnorl. flpzloNenoro erIBaHe npu BLrcoKo

HaJItraHe Ha pa3p.sAHrrlr KlrcnopoA He Bnacs.4elpexrz B rroAnoxKurau e uo-xoMofeHHo, B

cpaBHeHr4e c erIBaHeTo rrpl4 HI4CKTA HAJlflrAHLrs..

B pa6orara [6] upes rlorarr.f,He B a3orna rrna3Ma r4 r4MrrJraHTrrpaHe Ha a3orHr4 itosu ca

o6pa6oreHv ruracrurHu or 0.25 mm 4e6en PET (uonuerrzneH-repeSranar), ynorpe6xnan
B rlJlacrMacoeure 6yrunxu. fason pa3prA c63AaBa a3orHa rrJra3Ma c ylpaBn.r{BaH rtlraBarrl

rrJIa3MeH rIoreHIIrIaJI I{ orpurlareJrHLr r4Mrryilcn c [poAbnx$rreJrHocr 80 ps, Harrpe)KeHrre

10 kV, qecrora 300 Hz, [pilno]r(eHr4 Bbpxy MeraJrn:zr. rroAno]rffio-rbp]r(areJr r4nr.r MeraJrHa

Mpers.IqKa orfope ua o6paseqa or PET . @oprvrupaHero Ha BtrnepoAeH r"bHbK clofi na
rloB:spxHocrtalna o6pa:eqa, tropaAlr r,rMnnaHTrrpaHenero Ha aploHoBu ittouu, oe il3yrraBa c
ParraaHosa crreKTpocKolraa (uanrepeHo e, qe cJror e 4traMalTo-no4o6eu) u c AFM z
orITIrqeH Ml{KpocKorr (HaMepeHo e, qe rroBbpxHocTra craBa rro-rJraAKa 14 Hf,Ma

rIyKHarI4Hr.r). Ta":u pa6ora e ur4rr4paHa 10 n:sru (qurzpaue 1I7 rc 127) rcoero e cBtp3aHo
c aKTyanHocrrana rrpeAMera Ha rz3cJre.4Banev Mqcroro ua ny6rurxyBaHe.



Pa6orara [8] cpaBnflBa eneKTpldqecKoro rz rraop(fonorr4qHo KaqecrBo Ha cJroeBe,

[OnyqeHI4 c BI,IcoKorIecToTHo pa3rIpaIIIBaHe, oT XpoM Ia rrlonu64eH, npeAHa3HaqeHr4 3a
3aAHpl KOHTaKTI{ Ha cllT'Hqenn 6arepuu. Cnoesere ce orrafar rrpl4 KoHcraHTHo HaJItraHe
Hara3a I4 MoulHocrz or 100 W ao 250 W. Cno.f,r or xpoM vrMa c oroJro 20Vo r'o-eucora
cKopocr Ha orJlaraHe, Ho MoJII{64eHonzx cnofi zrr,ta 3HarrlrreJrHa rro-HrrcKo cnequ$vuno
ereKTpl4qecKo cbrlport4BJleHrle, Koero rrle ,4oBeAe 4o uo-4o6bp oMr4treH K9HTaKT rrp[
I{3rpaxAaHe Ha cJltHqeBara 6arepun. Onruvyvrr npr,r 200 W RF uoqnocr e cBr,p3ar{ c
nafi -trrtr,ru a-r a My crpyKrypa.

B [9,11,13] ce LI3crIeABar rbHKrr crloeBe or AlN. Pa6orara [9] npunara (a rraoxte 6ra

MoAenL,Ipp-He craBa gcnol nopaAlr orgbcrBl,Ie Ha orrr4caHl4ero Ha r43TorIHr4Ka na ftoura u
oIIIrrIzTe c 6orr,r6ap4qrpale c ftoyuzupann a3orHrr MoneKynv vrrr4 atorrau) fiousa
izMlraHTaIILrs. Ha rlororleH B a3orHa rIJIa3Ma cr4nrrurreB MoHoKpr4craleH o6paseq, rroKpr4T
c rGH:sK cnofi or astywtuuuit, rofiro ce 6orvr6apAlipa or fionv na a3orHr.r aroMz r4

MoJIeKyJII,I. BeAnara cJIeA I4MrIJIarTar\r4flTa Molr(e Aa ce ua6lro4ana cMeceHa KoMno3r.rrlut
or HenoApeAeHrr 3T,pHa or anyMrrHurt. u npr4c6eAr4HeH a3or 3a SopuupaHe Ha

xLIMI,IqecKu Bpr'3KI4 MexAy iBorHlzre n anyMLrHLreBr4Te aroMrz gu$yznx Ha anyMr4Htrs. or
6onr6apgzpalanx cnoit Kr,M noBrpxHocrra-rro-6orara Ha a3or ce [pfiJrara 6rpso repMrzr{Ho
orrp-f,BaHe, Karo_orIrI4MilJIeH pe3ynrar e: rrpr4 Br4coKa reMfleparypa (1000"C) sa rparrco
BpeMe (15 sec.). B [13] ce I,I3cneABa rIna3MeH r43TorrHr.rK, npencraBJrrBarrl xoru6unaqrzr
oT MarHeTpoHHa cHcTeMa v Kyx KaToA, feHepnparq nna3Ma c IIJrbTHocT Ha 3apeAeHr,rTe
rracrr4ur.r or rop.{AT,Ka Ha 1017- 1018 --3ra eneKTpoHHa reMrreparypa (3-6) eV.
flolyueuzre cJIoeBe I4Mar crbJl6'aara crpyKTypa, napaJreJrHa Ha fJra.4r(ara noBbpxHocr Ha

cJloeBere. B ny6nur<aquxra lll] ce npranara cy6tut"rarlrroHHa elr4TaKcr4.f, na AIN , Karo
I,I3TorIHt4Kbr e rIonI4KpIzcraJIeH AIN upu reMrreparypa 2I00oC, a rroAJro)Knara 6e or 4H-
SiC Ha 6lragro pa3croflHure Ir oKono 7oC reuneparypHa pa3nr4Ka. Bperuero Ha orJraraHe e

1 qac. IrlsnoJrnaHero Ha a3orHa cpeAa Sanoprz:zpa orJrafaHero, aKo fo cpaBHr4M c

orJraraHe BbB BaKyyMHa cpeAa n cy6lnuaqr4ouHus. npoqen.

B ny6turaquxta l42l rBa Brl4a rr4TaHHeBo-Ar,roKcr4AHr4 cJroeBe-clc cr:sr6.rara
crpyKrypa u c Ape6no:rpHecra crpyKrypa ce rz3cJreABar Karo 4zQyszoHHu 6apuepu,
cnrlpan\r4 gu$ysunra Ha cvnnlJr4ta. ,{nere crpyKTyprz ea noflyr{eHtr npv eAHaKBr4 ycnoBr{.f,

Ha orJrafaHe, c Lr3KJrroqeHr4e Ha Kr4cnopoAHoro ctAbp)KaHr4e (crornerno l0o/o u 30o/o ot
o6qoro pa6orno narxrane). Heo-Iaxsano-BtrrpeKla no4o6raero Ha peHTreHoBr4Te crreKTpr.r

Ha cJloeBere re ca reKcrypl4panr pt3nLrqHo I{ I4Mar pa3nrauna 4e6eJrr4na. Culzqrzenure
4rafryszonnr,r npo$znr4 ca u3crre1Balyr cneA orrp.f,BaHe ao 800oC c Pr4ep{opAoBo
o6parno orpall(eHl{e Ha xeJIr4eBV flApa c eHeprkrr 2 MeV" CroreerHo ca nonyqeHu
roe$raqIaeHTI4Te Ira guSysux, KaKTo 3a cJlolt rI4TaHoB AByoKrlc, orJro)r(eH npn I0o/o

KIrcnopoAHo cb4bplKaHr4e, TaKa vr 3a 30% Kl4cnopoAHo cBAbplr(aHrre. lanHure ca

cpaBHeHII C Te3rI Ha TI{TaHOBI,I.f, HrrTpr4A eArIH qeCTO r{3IIOJI3BaH B:bB

Br4coKoreMrreparypnrr [pr.rJro]KeH nx cnoft..

B pa6orara $11rlo MeroAa orrlaraHe Ha aroMeH cnofi (ALD) c npexypcopu TiCla ra

H2O ce r4scneABar (c noir,rorqra na Pr4ep(popaono o6parHo orpax(eHr.re; peHTrcHoBa

4u$parqu-a [pI4 rln63falq ce brbJl Ha peHTfeHoBI4s cHon u AFM) ornaraHara 4e6elzHa:a
rlrzKbn Ha cJroeBe or TiOz, KpLIcTanIraTa cTpyKTypa]F'aTe3vr ciroeBe 14 rroBlbpxHocTHaTa r4M

rparraBocr B 3aBr{cl,rMocr or reMneparypara B Auana3ona or 100oC 4o 500oC, Karo ce

o6prrqa BHr.rMaHI{e n Ha KoFrrleHTpar\krflTa Ha arpecr4B:ur4s. orrraAbr{eH rrpoAyKT or



peaKrlr{flTa Ha nocoqeHr4Te rrpeKypcopr4 HCl. Pe:yrrar"rr e, qe cKopocrra Ha ra3pacrBaHe

Ha cJroeBeTe He Kopenr4pa o Kpr4cTanHara oTpyKTypa r4 rroBspxHocTHaTa fpanaBocT.

flopa4r.t afpecuBHocrra Ha coJrHara KrzceJrrrHa rrr,pBor{aqaJrHo ce orJrara arvrop$en

rrpoAyKT c rroulrlr(eHo cbAbpxaHr4e Ha K[cnopoA n enBa cnea 400 rIr4KJra ce [oryqaBa
cTexvoMeTpurleH AByoKI4e Ha "IuTaHa.

B pa6ora l23l c MrrKpoBbJrHoBa rrrra3Ma (2.45 GHz, 1 kW) ce vogu$vr\vpa
noBtpxHocrra Ha err'rJreHoBo-rrporruneHoBa-Aueu-MoHoMepHa ryMa. llnasMara e cMec or
fionuevpaue Ha a3orHr4, BoAopoAHr,r rr aproHoBn aroMu (uarrrane Ha r-a3a 0.2-I Torr,
ra3oBrr{ rroroK B rrpeAenr4re (5-100) sccm r4 BpeMerpaeHe Ha o6pa6orrara or 10 ao 500

sec. llonrpxuocrra ce u3creABa r{pe3 rl3MepBaHe 6r"bJra Ha oMoKpflHe u e AFM.
Ha6nro4anaHo e 3uarrprreruo HaMar.flBaHe Ha KoHTaKTHr,r.rr r,ftJr Ha oMoKprue (or 101o

npe4ra o6pa6ouca Ao34ocner o6pa6orra, Koero orroBaps Ha arxe3lrv, cr,orBerHo or 59

ao 133 mJlmz.

Mzrpopa:p{A rrpr4 cpeAHli r4 BprcoKrl :r'ursranvrr^ B aproH oe r{3crreABa n ny6mzraqux

l27l.B orBop 500 pm ropo Mr4Kpo-pa3ptr[, c Kyx KaroA rrplrlr'anflraulrs or 90 ao 800 Ton
r,r roK or 5 Io 20 mA" Tervrneparypara Ha rroroKa rrr e B 4ua\a3oHa550-850 K. lipr,r naft-
BrrcoKoro HaJrrraHe reMrreparypraHa BoAopoAa e orleHeHa ua 12 000 K

Pa6ora l29l uscrcAsa noAo6eH pa3p-rA rrpr4 arMoc(pepuo HarrrrraHe. Pagcro.sHuero

Me)KAy Kyxr4t aHoA or non(fparraon xap6ugz ruolu64eHoBtr\ eneKTpoA, cny)r(erq 3a KaroA,

fasrr e aproH c Aodanxa ya 2oh BoAopoA-3a crreKTpocKorrcKo r.r3cJreABaHe. llscre4na ee

rrpocTpaHcTBeHoTo pa3rrpeAeneHr{e Ha pa3psAHrlTe rrapaMeTpr4 u ce r.r3rroJr3Ba

crreKTpoMelbp c BrrcoKa pa3AeirraTeJrHa cuoco6Hocr 3a onpeAenrrHe Ha pa3prAHrzre

rrapaMerpr{.flpu roKoBe or 20 ao 100 mA reurepe$yparaluara3a e or rrop.flAma na 600

ao 1 000 K. B o6lacrra Ha orpr4rlareJrHoro oBereue Ha rJreerlu-tr [paBoroKoB pa3prA

KoHrIeHTp a r\uflT a Ha 3 apeAeH u qacrvrrJvr. e 1 0 
I a- 

1 0 
1 s 

cm-3,

B ny6nuraquftre 1I7,21] ce npunara Mr4Kpo-eMyncuoHHa rexHr4Ka 3a rroJryrraBaHe

MarHr4THr,r [paxoBe (6apuen xer<calpepur). Wzcnegna ce pa3[peAerreHr4ero Ha

nparlrrHKr,rre no pa3Mep, Kpr4craJrHocrrakr MafnlrrHr4Te ceoficrna. KoepquruBHara curavl
HacrrqaHeTo rrpz HaMarHr,ITBaHe c Hr4cKr4 KoHueHTpaL\vr4 Ha MeTaJIHr,r KaTr.,roHI{ BT,B

BoIHara Saza ca 6urur no-eucoKr{ or cny*afl. Ha rro-Br{coKr4 KoHueHTparlnu. Erexrpo4rr e

nolu64eHoB, a rroroKbr Ha fa3oBara oMec Ar+2%oH20.03 l/min.

4, Xaparcreplr3upaHe Ha [puHocrrre Ha r(aHAuAara 3a rrcKyeMara aKaAeMHrrHa

AJrblr(HocT;

He rr,rora Aa rrperleH s. caM lrnr4 [a rroJr3BaM AeKnapauu s. Ha ysaarHr4Ka B KoHKypca Korl

TOTTHO TIpITHOCII Ca HefOBO rI4r{HO AeJrO, I'r KOI,I-Ha CT,aBTOpr4Te Uy. or T43BeCTHOTO MIr IrpI4

perIeH3r4paHe Ha AoKropcKara Aprcepraurr-rr Ha AorI. a.(fr,rs.u. Kopuelu fpzropon or{aKBaM?

qe rofi e yqacrHLIK B MexAyHapoAHr4Te aBTopoKI4 KoJreKTr4Br4 nopa4u suaHr4flTa u orrLrra

Aanpurnara14 anurr43r4pa pe3ynrarra or RBS, peHrrenoBa 4uSpaxqus.144pyril HayKoeMKr.r

MoAepHr{ Qu:rauecru MeroAr.r 3a xapaKTepr{3r4paHe Ha rbHKr.r cJroeBe.

He 6vx MorbJr Aa nocorra ptKoBoAcrBo or orpaHa Ha K. fpuropon npra pa":pa6orBaHe

ua cnequlp[r{Ho HayqHO HarrpaBJrgHr{e, gb3AaBane Ha HafreH KoJrgKTIrB, I43pacrBaHe Ha

Mrra1rr yrreHrz rroA HeroBo pbKoBoAcrso. Ho pa6orata My c MHolKecrBo qylxAecrpaHHr4 14

laarflr yrreHl4, npuryo6urus. orttrt B MHolKecrBoro luayrl:nu opraHrr3arlrau, xr4ero K"



fpr,rropon r.I3pacrBa Karo rtpceH fracrHrrK B aBTopcrr.r KoneKTr.rBkr e rrpeKpaceH

[oreHrll4an sa 6rAerrlo pa3Br4Tr4e.

Tls6poenure rplrHoc[ Ha HayqHrlre rpyAoBe Ha AorI. A-p K. fpuropon Morar Aa ce

oTHecaT KbM cts3,4aBaHe Ha HOBIr rexHoJrorrrr4 r4 KoHcTpyKrIr4I'I Ha HayqHO rrpr4noxHr{
npu6opu; r43rlon3BaHe Ha HayKoeMKr.r Hayr{Ho-r.r3cJreAoBareJrcKra MeroAr{ 3a

xapaKTepr43kr paHe Ha Mur epvanv.

5. 3Haquuocr Ha npr{Hocrrre 3a HayKara r{ npaKTr{Kara

Hayvnute pe3yJlTarpl, KoHTo A-p K. fprzropon npeAcraBr B KoHKypca ca nJroA Ha HeroBoro
cbTpyAHLIr{gCTBO C pa3rl4r{Ht4 Hayr{HI'I fpynu, I43nOJI3BailIr4 CJIO)KHa I4 CKT,rIa TeXHr4Ka, B fOJItMaTa
cu qacr orcbcrBarla B HaIrII4Te Iz3cJIeAoBareJIcKr.r lrHcrlrryrt4. I,IscreAsaFrane cJIoeBe ce nolyqaBar
LIJ{H MofaT Aa ce noJlyqaT y Hac, Ho IIT,JIHoTo I4M xapaKTepl,Isl4paHe TyK e 3aTpyAueHo. B pa6orrlre
ca onLIcaHI{ HTKoII no4po6nocrll Ha MoAepHrrTe MeToAr{ r4 TexHI{KaTa Ha il3CJreABaHe Ha TTHKT4

cJIoeBe, Kotro e rIoJIe3Ha a sa pa6oreilIvre B o6nacrra Ha rtHKocJrofiHzre cTpyKTypr{ 14 noKpr,rrt4.s

14 Karo qacr or HarpyrIBaHI4t cefa oIrHT no HaHorexHoJrorzz. Ees no3HaBaHe u r43rroJr3BaHe Ha

MeroAI,ITe Ha noJlyqaBaHe kr 4eraftlno rr3cJIeABaHe Ha rbHKocJro[Hra crpyrrypvr Hatnura crpaHa He

6u uanpe4naJra B u3rparr(AaHe vKoHoMlaKaHa 3FraHr4ero.

flonyuenrzre HayqHI4 pe3ynrilrl,I sa xapaKTepn3l4paHe Ha HoBrr Marepr{anu 3a
pa3Jrr{qHu rrpr4noxeHlzfl B MI4KpoeneKTpoHIrKara u 6uta Ha xopara r4 r.rsyqaBaHero Ha

ra3oBr,r pasps4n c ueJI pa:pa6orna Ha HoBLI KoncrpyKllnr.r rexHoJror[rrHlr npz6opra Morar
AA Ce OTHeCaT KbM HaTpyIrBaHeTO HA 3HAIIkrfl, 3A aKTyanHOTO Cera HarrpaBneHr.{e

HaHOTeXHOJTO|IIU r4 HaHOMarepVanV 
"

O6ruoro [peAcraB-qHe Ha lr':au4rrp:ara c 82 npecuDnHrr HayqHr4 ny6lzrcaqur4, roJrrMa
rracr -or Kor4To ny6rzryeaHl,I B cnl,rcaHl{.f, c r,IMrraKr (farrop (o6qus r,rrvr IF = 61.577 ) n
cr,aBTopcrBo B eAHa HayqHa KHr.rfa r{3fpa}KAa o6pa:a na Kopnenz fpzropoB Karo
lepcrreKTr4BeH MJraA yqeH c noreHlll{an sa 6rAerlo pa3Br'trr4e Ha Hayr{Ha rpyna lr Ba)r(Ha 3a

cTpaHaTa HayrrHa reMarr4Ka.

3a6erssaunre 134 IJr4TvrpaHLrs., ca AocrartqHo Korl.,IrrecrBo, cbtJracHo kr3krcKBaHr4fl'ra

3a aKaAeMr,rqHara AJrbxHocr "npo(f ecop" B MHoro luayrr:nv opraHr43arl:zu. Te rroKa3Bar, qe

K. fpuropoB e lr3BecreH B vyxc6una 6:urapcrz yqeH, roftro AorrpvHacfl 3a yBalKeHr{ero

KbM pe3yJlTurl|Te oT kI3CJIeABaHI4flTA Ha HaIIII4 yr{eHl4.

6. KpuruuHu 6elexrcu rr rrperropbKlt

Cla6ocr Ha KanAr,rAuta e roBa, qe AorI. A(bH Kopnenu fpuropon He e p:bKoBoAr4n

yclerxHo 3arllrreHrr HaytrHn pa5otu or I43.rrBeHIr cJIeA ToBa Karo rrepcleKTr4BHrr HayrrHI4

pa6ornuqu AoKTopaHTu TIJIIT ALlrIloMaHTI'l.
(Dopruannure Mr4 :a6erexxu ca:

B pa6ora [3] nenpau4JrHo KaKTo Our.3 'raKa v Qur.4 ca sa cMecra arlerr,rJreniapron
BMecro Ia c4 3a pa3nr4qHlrre ABe cMecI4 (nropara cMec e MeraH rz apron). B pa6ora [11] e

npolycHar pa3Mepa Ha pa3croflHr{ero MexAy H3TorrHr{Ka v orraraHfiq clofr
(no4noNrara).

llpe4cranxuero Ha o6111 cnucrK, BKJrroqBarq u pa6orr{Te, BKJrroqeHrz B AoKTopcKara

Ar4CepTaIIUfl, A OT Ta3I,I rIO3IAIIr4fl, 14 npeIlCTaBeHUrT CnfiCibK Ha HayqHUTe 14 rrpr4nolr(Hrrre

rrpr4uocn Ha Kau4vp:ara lr3MecrBar BHI4MaHI{ero v orBap-f,T pr3Jrr4rrrua pa6ora Ha

perleH3eirra.



Pa6oru 127,29,30 ra 31] n cnracrKa Ha ny6ruxaqurr cJreA xa6urlutupaHe cborBercrBar
ua pa6oru 126 ,28,29 u30l B rrarr(ara.

6. JIuqHu BrreqarJreHuq u crauoBr{rqe Ha perleH3eHTa

flognaeaNa :ralop:zpara or pa6orara My B Vlucturyra no eJreKrpoHrzKa upu BAH xaro
yueuomo6zB rr rpyAonro6prn rr3cJreAoBarer. 3arona crrrl y6e4en lt s 6r,Aerrloro rroJro]KrrreJrHo

pa3Brlrr4e Ha K. fpraropoB B ITIKI4T-EAH

3AKJIIOqEHI4E

O6rqard Mr{ orIeHKa 3a npeAcraBeHrrre HayqHr,r rpyAoBe e Br,rcoKa. lloryueuz ca

AOCTaTSqHO HayqHr.r, HayrIHO-[pIrJrOXHIr 14 npI4nOXHrI npr,IHOCII, OTfOBaprrIr4 HA LT3IdAKBAIJI|IflTA

na 3axona sa pa3Brrrr4e Ha aKa,4eMvrrrHut{ ctcraB n Peuy6nura E:snrapzs. Bss ocHoBa Ha roBa
HaMr4paM 3a ocHoBareJrHo Ea rrpeAnolKa Kopnellr fpvropuen lpnropon na 3aeMe

aKaAeMnrlHara ArIt)KHocr,,upo$ecop" n npo$ecvoHaJrHoro HanpaBneHue 4.I @usuuecrcu

HqyKu; Hayr{Ha clerlr4aJrHocr ,,Cmpyrcmypa, ilexaHultHu u mepwuHHu ceoilcmea Ha

rcoud eusup qHama MamepLut", 3a HyxArrre Ha oeKrIIz fl. Ko ctvruqecKo A4amepuan o 3HaHue.

[ara:
7 anput20I6 r.

PEIIEH3EHT: lfll
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