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Ha AI4cepraIIkIoHeH TpyA Ha reMa ,,VI3pacrBaHe LI rr3cJre.qBaHe Ha rbHKr4 c.rroeBe 3a rrpr4Jror(eur4e B

MI'IKpoeJIeKTpoHI4Kara 14 KocMrlqecKoro npra6opocrpoeHe" 3a rrpr4cbx.4atF{e Ha HayqHara crerreH
"4oKtop Ha $zszvecKr{Te HayKu". Hay.tra crrerlr4anHocr,,4,1 $rzsuuecrcLr:nayK:a', Ha AorI. I-p
KopHelz fpuropuen fpuropon

Peqeugeur: llpo@. A.$.H.r.r A,r.H. Mapzn HeHqee HeH-ren

1. Aero6uorpa0un n Tnopueclca Aefiuocr:

KopHelIt fpuropon e poAeH npes 1960 r. llpes 1978 e rpr4er cnerlr{anHocr feo(frasrzra n
Mfy, KbAero ce AI{rInoMI{pa Karo IzH)KeHep reoQusux c orJrr4qeH ycrrex. llper 1990 3aBbprxBa
peIoBHa aclupaHTypa B I4ncrr.rryra rro Mzrpo Lr OnroelexrpoHr4Ka Ha Baplrancrcara
flomarexHuKa cbc crreqraanHocr ,,Qzsrzr<a Ha rroJrytlpoBorHr4rllzre". Tevara Ha Ar4ceprarlkrfl"raMy
e ,,Paguan4uonHIa e$extrl Bbpxy [apaMerpr{Te Ha MOS crpyrcrypu'.. B uocnellcrBr4e e Ha3HaqeH
3a fJIaBeH acl{creHT e Zncrzryra no ErerrpoHr{Ka na EAH. B cne4narrlure roArrnra, KopHelu
fpzropon ocbqecrB-f,Ba peArzrla cneurraJrr43arlLrr{ B68 BoAerrlrz HayrrHr. rIeHTpoBe ur

Vnznepcr'nerlr, Karo Opce - llapuN-ror, Yuznepcr4Tera n Haurop, Eelrux, ynznepcurera
Jlasan s KaHaAa. Bul e KaHeH 3a rrpoBex.4aHe Ha rrccJreroBareJrcKa .4eiinocr n Hayuno-
kI3cJIe.4oBareJIcKI4t IIeHTbp Poseu4op(p n fepnaHra1lla6oparcpzxra no Hzcxz Teuneparypu rz

Bucoxu Marsnrnz rloJlera nrn Bpoqnan, Enpoueircxus. CunxporpoHeH rIeHTbp n fpeuo6rn v
Z.Hcruryra no Aepouanrurca n Bpasrarux. B regz rr3cJreAoBareJrcKr4 rIeHTpoBe, Kopuenrz
fpuropon, I{3BbpIIrBa 3HaqIdMrI I43cJreABaHr4tr, orpa3eHu n 81 ny6luraqr,ru c un,rrraKr Qaxrop 55
vrlr'aa 380 quraru.

Catvtust @arcr Ha rrpr4eMaHe H nepcoHanHr4 rroKaHrr 3a HayrrHa pa6<>ta n rarun 6pofi
pa3rI'IqHIZ BOAeUU HayqHI4 UeHTpOBe CbC CbOTBerHr4Te pe3yJrrarr,r e cr{JxHo l:oKa3aroJreH Karo
BI'IcoKa oIIeHKa Ha KaHArIAara B MexryHapoAeH nJraH,. Curztalr, ue [ooneAHoro e KbM
ooHoBHI'ITe KOMIIOHeTI{ 3a eAHO T4CTT4HCKO rI Ha MHOIO Br{COKO HIrBO rrpencrar}_f,He B rrpere}rrlrlfl
3a ,, AoKTop Ha $rzsa'recKr4Te HayKI.,I" c orrrr,rraHe, ve Srzszr<ura e vHTepHarluoHiurna v Haft-o6rqa
o6nacr or qoBelrKoro rlo3HaHne.. lloee.re or orreB[AHo, a rz or co6crBelLrfl. onr,rr Ha perleH3eHTa
e, qe eArIH yr{eH or 6anr<anctca crpala,6es Ia e rroKa3aJl cbrrlecrBeHa flone3rrocr 3a KaHerqI,ITe
Bo,4eqLI opraHI43aIIr4uI v Br4coxa npo(fecr{oHaJ]Ha noAforoBKa u arTrrBHocr, e.4Ba nr4 6u 6u1
Ilonyqun Te3I{ IrOKaHr,r.

o6rrla xapaKTepr{crnKa Ha rrpeAcraBqHero Ha KaHAr{A atTa \r orleHKia.

Karo o6qa xapaKTepzrcrLrKa, Hayr{Hara npoAyKur4r- rracr or or6ers3aHuta, c Ko.f,To
I(AHAI{ilUTA Ce IIpI'IACTaB9., C't [T,pXta O[peAeJIeHO 3Har{IzMI{ HayqH]/r IQLIHOCL1 pa3fneAaHl{ rIO-

AonY,' flpe4cranxHera e orpaseuo n 29 crarnkr c o6ut VlC. 22,5 r4 rroBerre or 100 r\r4-rr4paH!rs.B



orrr4caELrs, Knac A (c IaO). flocleAuoro, caMo no ce6e cn e 6ener 3a AoKa3aHa rroJre3Hoc:r,
rl3noJl3BaeMocr Ir neo6xoAuuilTa Mex.qyHapoAHa orIeHKa. f{orropaurrr orpeAeJreHo v3Ar,rfa
rlrlBoro I4 aBToprlTera Ha 6rlnapcxara npI4poAHa Hay:rra, B qacrHocr Ha rrpeAcraBtrrrlara fo
opraHIr3all:ut, ( s KoMrleHcallrrtr , ro MHeHI4e Ha perleH3eHTa, Ha cnyqar.rre Ha npr4c:bxAaHe Ha
cblqara creIIeH caMo c 1 qurapane z 10 yuacrr4fl. B or6enrrsaHul{ KJrirc cnucauua). [-p
I-puropon e 3aBbpllrzn ycrrellrHo 17 nayuuo-r43cneAoBareJrcKr.r rpoeKTa, or KOr4To 4 c llo;rcxara
AraAelrus Ha HayKlzre ,3 csc CNRS - opauqrzx ,2 clepuraaux , 4 c rr3cJreAonareJrcKr{Te Hayr{Hu
t(eHTpoBe n Bparunus u , 4 c HO. Bun e rpenoAaBareJr Br'B Bapruancxar:a florurexHr4Ka -
llircruryr no Mutcpo u OuroereKTpoHr.rKa, KoHcynraHr n Crarcynrera no Mexanura na MfV u e
BOAITn clleul{anl43lzpaH Kypc Ha AoKTOpaHTr.r IIo crreKTpoMerpr.rrrHr.r n c[er(TpooKorrcKrr Mero4a 3a
aHanv3 Ha rbHKI'I cJIoeBe e ?lncrvryra IIo Aeponanrura n Epasnluq .PlnoBoAHJr e rlocr-
.nOKTOpaHT' qeTI'IpI4Ma .4LIIInOIVIaHTLI lI TpI4Ma AOKTOpaHTII IIo LtHlKeHepHa aepoHaBTr,rKATA tr
6uorexuonoH'Il{ c rplzJloxHa qen. tr4ua 6 nrenapHr4 AoKnaAa n uyN6una r4 MexAyHaporHo
peIIeH3IzpaHe'Wwa BZooKlI HarpaAI{ Ha qyxlecrpaHHr.r nHarrzrHayqH[ vr1crut"ty-tv.

II{e ot6enexa 3a rlbnHora n o6qara orIeHKa, qe cbM BrreqarJreH or nopeArlrla'a or
pa6orn, HeBKJrroqeHr4 B rr4ceprarlr4oHHr4{ Tpyr, ny6nvrynaHrr 868 Borerqu HayrrHr4 crrucalls. -
Bbpxy rpoqecl4Te Ha rBbpAoreJrHI4 uurepQeficHlr peaKllilu - 4ilr$ysufl. u krrrepqusyzux, Kor4ro
pa6oru He ca orpa3eHlr B AIrcepralll{oHHr,lrr rpyA, rrpeAloJrafaM rropaAr4 roJreMllf, o6erra Ha
I'I3cJIe.4BaHI4.f,Ta' Tyx orHac{M I4 opl,IrrrHaJlHrrre n aBalavpaHI4 r{3cneAt}aHarl, B:bpxy Sasonzre
rpanc0oprvrar\r4v n cbcraB Ha Bl4coKo-TeMrreparypHr4 KepaMr4Krz B rleHTbpa n fpen o61s1 u
pa6orure My Bbpxy opfaHr.rrrHr4re rronylpoBoAHr.rqn .

B qxnocr , Mora la o6o6rqs, qe ro [pl4err4Te MexAyHapo,4Ho 14 4o6trrure rpaAzurroHHll
rIpaKTI'IKI'I 3a oIIeHKa Ha HI,IBo Ha yrreHlrfl, KaKTo I4 sa $oprvranHr4Te 3aKoHonu u BeAoMcrBeHr4
(BAH) KpI{TeprIu, I{MaMe Hanl4,qe eAHo BrrerrarJr{Barrlo rro Hr4Bo ra naarua6nocr rrpeAcraBflHe.

2" Xapanreprrcrl'IKar 3HaquMocr u o6ula orIeHKa Ha pe3yJrrarrrr.e 11o Ancepr a\vflTn 2

{ucepraquflTa e pa3AeneHa reMarr.rqHo Ha rpr{ rrraBrr, a r4MeHHo:
npo(fznz r{ ornoxeHa eHeprurr npu r.r3pacrBaHe Ha rbHr{n cnoeBe qpe3

Susuvecxo lapHo orrraraHe; ,,@,u3z.recKlr MeroAr4 3a oueHKa r4 Iz3cJrerBaHe

,,lfrHKlz cnoeBe sa cuequ(pzqHv npr4noxeHr4.f, ...

,,F.oHqeu'rpal1noHHa

fr oHno-acucrr4paHo

HiI T:bHKI,] CNOCBC; U

B nspnara rJIaBa ca pa3r'neAaHlz Bbrlpocrl cBbp3aHLI c orJra.aHero Ha 
'bHKr4 

n.oKpI4Trrfl c
Br'rcoKI{ Kar{ecrBa - I43piBeH Kpr{(lraneH crpoe)K, cneqv$uuna ruop$onorLr:E n xraMnr{ecKr4 cbcraB,
KttKTo I'I MaKcI4MaJIHa rJIT,THocr 6lugr<a.4o ra3l4 na o6elruzre Mareprranz. Teslr xapal(Tepl{crr4Krr
ca flocrl4rHaru rrpu HI{OKLI TeMlleparypv Ha LrgpacrBaHe, Koero e rpafiHo ue,r6xo4zuo Kofaro
cT'aBa IyMa 3a orITI4qHlI rIoKpI'ITIzttr rrlrtr Ta]KvBa or MyJITI4 cllofinrn cracreMz a3r.pilAeHrz oT cJroeBe c
Ae6elvrnz or HsKorKo AecerKrl nm. KonueluvflTa Ha rrpeAnox(eHr4r lr pa3BL4-r Ha rrpaKTr{Ka

Srruuecltz MoAeJI rIo3BoJItBa c [3KrIoqr4TeJrHa rrpeqr{3]roc r [a ce [peoMerHe Hy]KHoro
Korl4rrecrBo eHepfvs cl'IMynraTrrHo orJroxeHa 3aeIHO C Ar,rHaM[rrHo r4gtr acrBaHkrfl T5H:bK



MHoroKoMrIoHeHTeH cJlofi, c IIOJI onrI4ManHoro My yrrJrr,THrrBa*e v crs1irBaHer Ha Sasz c )KeJraHa
arexlzoMerpr{r. Tona ouepraBa rpyna 3Harrr{Mr4 rrprrHocr4 KbM HayrlHoro HanpaBneHr4e Ha
/lrcepraur,rrTa.

Bropa fJIaBa e pa3AeJIeHa Ha rBe qacrLr, Karo ca, r43cJreABaHr{ crp'rKTyprr or Br4coKo
TeMneparypHa cBpBxnpoBo.4{Il(a KepaMr{Ka qpe3 cneKTpoMerpr4qHr4 r4 creKTllocKorrcKr4 MeroAr4
c qen pa3pellraBaHero Ha 3AAALTLT CBbp3aHrI C Kpr,rcranH uta nM opr{eHTaII[ fl,, gABprckrMocrra Ha
$asonux cbcraB or reMrleparypara, or Kr4cnopoAHoro cbr:6pxaHr4e, HaJrvrrltrero Ha Apyrr,r Qa3r4
cbtlbrcrBalrll{ npexoAl{re, uurepQehcuu HeeAHopoAHocrrz Lr Apyfn. llo-ro:unrarallacr or re3rr
I43CJIe.4BaHI{fl Ca ocsqecrBeHlz Q IIOMOIITa Ha CI4HXpOTpOHHa pannaqrrr B peaJ]HO BpeMe.

Tperara rnaBa e crp,yKTyprrpa*a B Tpr4 rracrz ornafa*e Lr r43cJrenBaHe Ha
BI4coKoKarrecrBeHI4 T6HKI{ cJIo{lBe or anyMr4HrreB Hr,rrpr4a (AlN), Hr4cKo re)MneparypHo c}D{o
eIIBaHe Ha KpI'IcranHLr v auop$nu rbHKIr cJIoeBe rrpll HI,IcKTI HaJrflTaHkrt{ r4 orrrr{qec :liar Lr

vrop0onorrzz cnoficrea Ha rr,HKI{ cnoeBe or rlrraHoB AByoKrrc. B o6rquocr, r:yK ce pa3rJrexAar
Meronl4Te Ha orJlaraHe I4 I,I3CJleABaHe Ha MOHOKpr4CTanHr4 cJroeBe or oBpbx.r.B.bp Au Hvrrpvrnr4,
Karo asqo e pa3I'neAaHA Ckr9Ter[.a 3a cP(o rrJra3MeHo erIBaHe rrprr Hr4cKrr ]taJrflralkrs, Ha auopsHA
u KpIrcraJIHI4 cJroeBe' Znrepecna e cnequ(fvrrHara r1en, Kalo rrprrHoceH MoMeHT, 3a
rlpkInoxeHl4e Ha pe3yJITarI4Te B aepoHaBTkrKAtA n ]FraKpafl ca pa3fne!;aHr.r Mero.4r.rre lr
Bb3MOXHOCTI4Te 3a [onyqaBaHe Ha onrl4rrecKrz [oKpI4Tr,I.s 3a rrpl4no)I(eHr4ero r4M BbB
Sororaranrr3uta, conapHr4Te rforoxrerxvv Ilpyrv cneqn@r,.run npznox(eHr{.s.

3. Hayunu It HayqHo-[pI{Jro}I(HI{ lpr{Hocrr B Arrceprarlurrra - Kprrrr{qno o6crnqaHe rr
OIIEHKIT.

Harparr<o HayqHr,rre [przHocrl Morar 4a ce 4e$rzHr4par rro crerHr4 s.rtaqzrH:

Pa:pa6oren e aHannrldqeH MoAen onucBaru KoHrleHTpaulroHnrrre) n 4r,l6ovnHnn
upo0nnz Ha ornoxeHara eHeprvrs, Ha aroM or v3pacrBalns crofi upes ironno-acr4crrrpaHo
Sz:zuecxo rapHo orJraraHe. Tesn pesy Jrruru ca r43Jroxenu o6crofiHo B ABi3 pa6olz - Appl.
Phys. A 58, 619-622 (1994) a Appl. Phys. A 63, 3gg-401 (1996). MoAemr rpeAocraBr{
aHanI4TI'IrrHI'ITe v3pa3v 3a oIIeHKa Ha npoQurzre Ha orJrolKeHara eHel)rr4f, pr re3rl ga
pa3rlpeAeJleHzero Ha cbcraBKl{Te Ha cJror rrpr4 !'Ba'rvna ftonHo actrcrtrpaHe. Tosu Mo,4en AaBa
BB3MoxHocr 3a rlonf{aBaHe Ha $unuv c MaKcI{MarIHa rlnbrHocr, 6lzsxal Io -ra3Lr Ha o6eunoro
BeIrIecTBo tlpe3 KoJIIrqecTBeHa olIeHKa Ha olTIzMa,'IHaTa IIJItbTHocT Ha itosur.ts rroToK. ZseecrHo
e' qe nonyrraBaHero Ha ribHl:I.'I cnoeBe c 4o6prz napaMerprr 3a M.rzKpoeJreKTpoHrrKara e
HerpI'IBI4anHa 3a.4arra a qecro ce rocrl{ra qpe3 r43rIon3BAHe Ha BI4COKT4 TeMnep arypu np?r
flpoqeclITe Ha I'I3pacTBaHe. T0na no4z Ao peA HeXeJIaHII oTpIIIIaT'enHrzr eSex,rn, Kor.rTo
npeAnoxeHlltr MoAen perxaBa )/clerrrno. LlueHHo, rrpe3 orJrarale Ha cnoeBele nprz 6nusrcz 4o
cTaftuure reMrleparyplr, Ho npv cneqz@uuno n [pecMerHaro BHacjflHe Ha eHepru fl np1r
rr3pacrBaHe Ha cJIo-fI Morar Aa ce nonyrrar rrJrbrHrz 14 cBptxtr:rtrHz frnnvr4 c xenaHu $uzuunu
cnoftcrsa' IIlo ce Kacae Ao pa3[peAeJleHl4ero Ha eneMeHTr4Te B o6eua Ha c.nofl rrpecMerHarr.r



qpe3 npeAcraBeHlr.t{ aHaJITITI.{qeIr MoAen 3a cn|.lmtir Ha rI3pacrBale Lra xeKcarot{aJreH 6op-HLrrpuA,
Ha olrrypl{ (1.1) u (L2) ca cpi}BHeHLI Te3rr pe3yJrrurpr c KoMrrrorbpHa cr4MyJraqux 6azupaua na
Iu4HaMI4r{eH 6I'ruapeH KoJIIl3I4ot{eH MoAeJr TRIDYN. flpe4noNeH e rorreH u 6r,pz aHaJrr4Tr4qeH
MeroA r<ofrro rlo3BoJlsBa ycuelllHo ra ce noryqaBar rbHKr4 cJroeBe cr,c 3aAarenu cneqv(fnunu
crpyKTypHu u Qusuunn csollcrsa BaxHI4 3a npr4no)KeHufl. B pe4 o6racu, Ha alrlKpoeneKrpoHrzKa
n upu6opocrpoeHero. Tona oqeHf,BaM Karo crbuecrBeH rrpr4Hoc n npo6renrarrrKara.

Haueceura ca TIHKI{ cnpbxnpoBoA{xl[ cnoeBe or YlBa2Cu:Oz-* Bbpxy rroAJroxKrz or
SrTiO3 xaro e [3yqeHa Kpl{oraJlorpa0cxara opl4eHTarlr4fl Ha BerrlecrBoro r4 cue[eHra Ha
Kplrcranr.iHHocr B 3aBr4orrMocr or KoHueHTparlr4flTa Ha Kr.icnopoAFroro cbAbrrx(aHr.re. I_{zrupaun
ca ABe pa6otu sre Vacuum 69 (2003) 315-3 19 u Brazilian Journal on Vacuum Application 25,
I,31-35, 2006' 3a urpnu IIr,r B cBeroBHara rrr4reparypa qpe3 Pr4rprfop4ono o6paruo
pasceftnane n clyuafiHa vr KaHurLr3r4parqa reoMerpr,Ls e HanpaBeHa orIeHKa wa ge6etzHara Ha
unrep(feficHara 3oHa Mexry oy6crpara 14 cros Bb3Jrr.r3a[]a na20 fin v ra3prHir rroBbpxHocrra Ha
cnojfl clbcro{Iqa ce or Ae3opranLrsupaHa 3oHa c lakrptrna or l5 nm. Teau peeynrarr.r fro c:btuecrBo
ca Ml{oro BaxtHrI rlpv xerepoe[[TaKCTIaJTHOTO rr3pacrBaHe Koraro ce [paBr4 orIeHKa Ha
I\4I4HIzMaJIHata re6enwHa Ha cloft roftro rpx6na 1auMaofrpeAeneHr4 [apaMerpr4 H KarrecrBa.

Ha 1asara Ha eKc[epIzMeHTa cr'c clzHxporpoHHo nbr]eHkre e ycraHoBeHa reMneparypHara
o6nacr Ha cblrlecrByBaHe Ha cBptxnpoBoArrrlr4Te Kpr.rcranHu Sasu qpe3 aHanr43 Ha napaMerbpa
Ha Kpl{cranHara pemerna. B [poqeca na QoprvrrapaHe Ha cBpbxrrpoBoArtrlare KprrcranHrr $azu ca
na6ffoAasaurl HOBI4 14 HeoqaKBaHI4 oKcr4Anu (fasn E rrorB'bpAeHrr or urrcor(o npeqaseu RBS
cI{MynaIII4oHeH aHaJIIzs. Tesu: pe3ynrarl4 c:brrlo ca yHrrKanlkr kr 3a rrbpntr rr,trT co rJzrrupalu B

nl{Teparypara. B raga qacr [paBr4 BrleqarJ]eHue l.o6parla Kopenarlr4s Ha pe3yJrrarrzre flonyt{eHr4
or Pl4r0op4ouare crIeKTpI{ Ha o6parno pascefinaHe vt peHTfeHoBr{Te arlurvr3u or
crrHXpoTpoHHOTO [bqeHze.

I'IscneAeanz ca KpI4cranHara crpyKTypa, xr4Mr{rrecKr,rr cbcraB, naop$onorvxra L{

TBbpAocrra Ha [onyrleHIare Al]rl Srannrra B 3aBl,Icr4Mocr or ct;A:bp)KaHrrero Ha pra6ornara cMec or
aproH I'I a3or nprz SrzxcupaHt;n napaMerpl4 Karo MorrIHOcr Ha Mr4rrreHarar, pa6oren ra3 r4

reoMerpl{s ]F.aHaHacflrre. Tesu pe3ynrarl4 ca orpa3eHu B cra:rzrfl, etn VacuumT5 (2004) 331-338,
Kotro e III4TI{paHa HaA 40 lr,ru, Koero caMo rro ce6e cu roMopr4 3a BucoKzlra 3HaqgMocr ga
pe3ynrara' Ha6nro4anala e ruuefiHa 3aBr4cr4Mocr na Sasonrrfl. crcraB or reMrrep-cLTypena Ha
cy6crpara upz asorlla aruocr$epa u napa6orr4qHa raKaB a np:n cMec or aproH r,r a3or"
flocle4uara 3aBlzcl4Mocr e 3HaqI4TeJrHo orMecreHa KbM fro-Bt4coKz,re crofilloorrz Ha [porIeHTHo
cbAbpxaHl{e ua $a:ara AIN Ki}ro,4ocrllra Io I0O% rrpr4 reMrreparypv oKono lr HaA 300oC.
YcranoseHo e, qe BJII.{trHI4ero Ha apfoHa e pa6ornara cMec oKa3r}a 3Haqrzrereu esenr Bbpxy
I43pacrBaHero Ha BIzcoKo rer(c:typ[paHv Qulvz or AlN. Ha @ur. 3.9 crasa [cHo r{e 11pr4

pa6orua cMec caMo or a3or orexl4oMerpzuura $anMkr or -rrzcr AIN rle ae rtonyqar 11pz
TeMrleparypkr HaI 400oC, roKaro npr4 cMec or a3or 14 arproH Ta3r4 TeMrr€)parypa e 300oC.
VcrauoeeH14 ca ABa rI4 na KpI4cranHa opr4eHrarJLrs., orroBaprtua na AIN (100) z AIN (002), r(o.rrro



ce orHact KbM eAIzFI Iz c:blrl KJrac xr4MarrHz cbe.4r4HeHllf, - xeKcafoHaneH .AlN, -rkr\ wurtzite,
KbAero paBHr4Hara (002) pesl/nrrrpa or poraur4flra Ha paBHrrla (100). Tosz SeHoMeH rrMa
IlpaKTuqecxa crofiuocr npl{ peHTreHoBnfl, aHNrLr3 Ha KpI4criuIHLI z noJlr{Kp,LrcraJrHtrI Qulruu c
orIpeAeJIerI HaKJIOH Ha ocra ,,c" clpsMo rloAnoxKara. HalrepeHo e qe rrlbpAocrra Ha ro3r.r Knac
cbeAI4HeHIZfl' Ce BJrLrfle OLIJIHO OT TeMneparypma Ha rrollroxKara v yqacrr4ero r{a aproH B

pa6oruux ra3 I'I cla6o or rltla Ha oprreHTar\vrs. Ha cnos. Tega pe3ynrarr4 AorrprlHacflT 3a
ilonyr{aBaHero Ha cBpbxrBbpAta 3arrlrrrHr4 rroKprrrr4-s c MHoxecrBo npr4noxeHr4r. r{ucrorara vr

TIJIbTHOCTTa Ha anyMr4H[IeBld,fl HLrrpLrI Ca MHOIO BaXHr4 [apaMerpv Kofaro ce rr3rroJr3Ba Karo
Ar{eneKTpr4K B Mr{KpoeJreKTpoHlrKara, cno 6 o4eH or 4eS exrrz.

3a u:yuanaHe Kopo3LIoHHara ycrofiuznocr Ha rrra BLrAa cberrrHerr-Lu - anyMrrHr4eB
HI'ITpI4I vr Il/'aMaHTno noAo6elr BsfnepoA e KoHcrpyvpala BaKyyMHa KaMe,pa B Ko{To c Kyx
KaroA I4 BbHITIHO MafHI4THO tIOJre ca cr4Myn[paHw yclroBkrs. Ha Kopo3rrfl, TaKyrF,a KaKBT4TO

cbrllecrByBar s ffoHocSepara. ZsuorssaHu ca na6op or Mero.qr4 3a alaJrur3 KaKTo na $nsnro-
xI4MI'IqeCKu{ c6craB Ha cnoeBelle, TaKa 14 Ha crpyKTypHr4Te rrpoMeHrr BcneAcrBr,re Ha Kopo3rzrra.
Tasz rrasa e c eKcnepI,IMeHTilJIeH xapaKTep u uocn cr4JrHo r43pa3eHa rrprdnolKHa c:rofiuocr.
ErcleprzlteHTaJlHara BaKyyMHa KaMepa e raKa KoHcrpyr4paFra qe Aa rv{orar Aa ce npoMeH-[T
oKoJIO ner eKcnepI4MeHTaJIHLI ilapaMerbpa He3aBr4Cr4MO eIHH OT /Ipyf KOHTtr)Onr4parIr4 fa3oBr.r{
pa3pf,n c Uen MaKcrIMaJIHo uano4o6qBaHe yclroBtrflTa Ha B3akrMoAeftcrnrEe n fionocsepara. Karo
cr,ulecrBeH rIpI'IHoc MolKe Aa ae or6elexz kI3yqaBaHero Ha cKopocrvre Ha erIBaHe Ha ABara
Marepl4aJla IIpn pa3nI4qHI4 MOIIHOQTTI kI KOHTIeHTpaTIVLT HA fa3oBu-s ptt3pflI, crpyKTypHVTe \r
Qzszxo-xuMI'IqHI{ rIpoMeHI4 B c'bcraBa Ha cJroeBere. Tesz pe3yJrrarrz ca orpa3eH[ B Tpr{ HayrrHr.,r

uy6nzraqnu - Journal of Oploelectronics and Advanced Materials, Vol. 9, Nc, 2,2007,382-285,
Diamond and Related Materials,V.I6,Issue 4-7 (2007) pp, 1433-1436, u Revista Brasileira de
Vacuo, Y.26, No 3. 131-133, (2,007), Oco6eno BalKeH npr4Hoc e HaMepeHararrvcKacroftnocr na
cKopocrra Ha Kopo3lzx (1,9 nm/min) rpl{ crpyKrypr4 or DLC/AIN/Si, Hoero orBapf, HoBr.r

Bb3MoxHocrI4 kI rIepcneKTI..IBLI sa pa^:pa6orBaHe r,r BHeAp-sBaHe Ha HoBrz 3arrlr4lHr4 noKpl4TlrfltrpLr
KOCMUIIECKI,ITE TCXHOJ]OIU}I.

Pa^:pa6orenv ca u I{3yrIeHI4 HoB Knac KoMnayHAr4 o:f rrrraHoBa oKcr4Hr4Tpr{llrl c rleJr
rlpI4noxeHl4ero uM B cbllpeMeHHara Qoroeorraura, 6'nopasrpaN..qatql.rre TexHoJIofr4I4,
caMoloqucrBaulzTe ce rloBbpxHocrLr 14 ApyrLI. C BKnrorrBaHe Ha HeMeranHI4 rrpri\decu B

TIz'IaHOBrrfl AIroKCIr,4, a IrMeHc) a3or, e rrocrr{fHaro HaMaJrrBaHe Ha noBbpxHoQTHara eHepD4f, Ha
cJIo{ or 1.68 mJlm2 na I.56 mJlm2 3a r{I4cr TtO2 u TiON Q.,l='70%r) c:bo'rBerrro, Toga pe3ynrar
HecBMHeHO OTBapt foJIeMI4 B63MOXHOCTT4 3A npunoxeHr,re Ha re3rr rroKprrrr4lr ri
rIpoMI4IIrJIeHocrra, ae'roNao6zrocrpoeHero u 4p, llpaBrl BrreqarJrettve, qe crerrlrflTa B Ko-rrro ca
orpa3eHl4 reslz pe3yJlrarn (Surface Science 605, 2011., 77 5-782 e r\urvparra 16 ns.ru, Karo H.sKor4

or uI4TarI4Te ca Ha TIOJIOBI4H crpaHrrrla; Karo nprrMep UIe rocoqa rlr4Tar e J.Mater, Sci. 'Iechnol.,
2012,28(6), 512-523 - crpaHl4rta 5I9. [pyr crrqecrBeH rpr{Hoc ce orHacs ro yBenr4qaBaHero
Ha ABa noptAbKa ua xoeQnqr4erTa na a6cop6qus.ilpv AorrzpaHr4re cnoeBe Koero or oBor crpaHa
e cJIe.4crBI4e Ha crecHllBaHero na:a6paneHara 3oHa Ha ro3ra [onynpoBo.n,HzK or 2.8 eV :a TiO2.



Ha 2'3 eV 3a TioN CI:70%)' llocle4uoro cborBercrBa Ha yBenrluaBaHe rrponycH urura
AbnxI{Ha Ha BbJIHaTa ot 449 nm Ha 539 nm. Tesz pesyrrrarv r{Mar c:brqecrBeH nprrHoc 3a
tto4o6pxnaHe ua (foroxaraJlllTruHure csoficrBa Ha KoHBepropurelnanerruHa cr:bHr{eBa eHepfr4fl"
ynemauanafrKr4 cBerJrr{Huara a6copnrlr4oHHa esnxacuocr,
B c:snrrynHocrra cI{, pe3ynralrlrre ce cbfnacyBar cbc 3aflBe1ura o611aat u reMarl4qHara qacr
or He'f,' Te ca AocrarbqeH npI4Hoc sa pagBzrrrrero fi w ara cruMynupaHe ua pa6orara no
npo6lelra:rprKara' q-tnara pa6ona e Ha orlpeAeneHo Br4coKo rr AoKa3aHo MexrlyHapoAHo HayrrHo
}II1BO.

O6o6qeuo, npr{Hocure Morar Aa ce lc,racusHqupar Karo :

flpe4narane u pa3pa6oreaue Ha Mo,4eJrr.r r4 MeroAr{ 3a [onyr{aBaHe
TexHoJrof[rrHr4 Tbpcenz o6elcryr - T:bHKr,r HaHOpa3MepHr.r cnoeBe c xerraHa
Svsravnr' csoficrsa u [onyrraBaHe Ha HoBr4 KoMrro3rru[rr r'HKrr cJroeBe

llpe4larane u paspa6otBaHe Ha MeroAIr 3a pr3cJreABaHe Ha @u:;ravnz xapaKTepr{crr4Kr4
Ha HaHopa3MepHI{ - TbHKI4 cJII4eBe -Ae6erizna Ha uHrep$ efltcwa 3oHa rr ra3u Ha noBbpxHocrra
Ha cJror reMrreparypHz o6nacru Hr cBpbxrrpoBoAkrMocrvr Lr Ap.,

Paspa6otnaue na anaparypa c rcou6vnupaHa yHr{KilJrrrocr Ha Bb3MoxHocrr4Te 3a
Ir3cnerBaHe ua QzsuuHrr npoqecu rz o6errrz - 3a cr4Mynr{pane Ha ycnoBr4flTaB fioHoc6epara u
a3cJIeABaHe na ycroft.rrzBocrra rra Marepr4anr4 3a KocMrrqecKara uF^Aycrpt4'.,

flpe4noNe]HtrflTa, paspa6orxnre 14 rlocrrrrHaroro orrpeAeneHo c,riqecrBeuo o6orarssar
Hayr{Horo HanpaBneHne Ha npo6levarLrKa'Ia Ha rvceprarlrrflTa, c [peAa4eHa zusopnraqlrfl. Ha
MEXN}TIAPOAHO HI4BO II CIZJICH IIOJIOXIITENEH MEXNYHAPOT?IET OTKJII4 K,

4' Irpe4craBqHe Ha pesyJrrarlrre 3a Aocrbrr Ha MelrvryHapoAHara HaJ/qHa o6rqnocr u
neftna orIeHKa 3a rflx.

flocouzx, qe Al4ceprarlrroHHrzrrr rpyA e 6tzupau na 29 Hayrrr{r4 ny6ruraquu olr Korzro ABe rlraBr4
or MoHofpafiux u rpl4 AoKnaAa Ha MexAyHapoAHr4 roHfrepeuqnu. O6trLvrxr zMrraKr $axrop ua
tesu nyomlKallurl e 22,702' llpanu BrleqarJreHr4e, qe pe3ynrarr4T e ca nyltmKyBaHrz Br,B BoAerrlr4
H€tyrIHI'I crrucaEns' e o6racrra Karo HarIpI4Mep: Applied Physics A, Vacuum, Microelectronics
Journal, Journal of Optoelectronics and Advanced Materials, Diarnond and related Ma.terials,
Journal of Applied Ptrysics, Surface Science, Nuclear Instruments and lylethods B, Journal of
Electronic Materials, European physical Journal p z Ap. Or6erssaHr4re roBer{e or 100
wtrkrpaELrs', c:brllo ca B onpeAeneHo 6escnopua norKperra Ha BrrcoKa orIeHKa na pa6orure n
MexAyHapo,4eH rIJIaH, B qacrFlo0T rIoqrI'I peKopAHoro 40 utrz qr{T}rpaHe Ha eAHa or pa6orare.
Cle4onareJlHo, cblllHocrra Ha pe3ynrarzre,rrprrJroxrrMocrra uur e 6utao6exr , ocBeH Ha Morra
oIl,eHKa, TaKaLr Ha oIIeHKara Ha.4ecerKkr llpyru - Ha TecHr4 cnerlr4anr{cra - B KoHKperrzKa-raHa
pa6orara' BvxAa ce, qe rt e crIJIHo IloJrolKr'rreJrHa, B rroAKperla Ha Moe.ro craHoBrrlre 3a

na Susuuuu u
crpyKrypHrz u



HanbJIHo 3ocrarsqeH (z noneve) npunoceH xapaKTep KtM TeMarr.rKar a ua palorara, 3a
rpl,IcbxAaHe Ha Hafi-sucoKara ny6turrHa Hayr{Ha creneH y Hac - ,,.4oKTop na $rzazuecKlrre
rrayKLI".

flpe4craneHara or MeH peqeH3l{fl e crrJrHo rronoxvreJrrra , cBbp3aHo c o€iexrrzs Hara n cburo
MEXAYHAPOAHO OIIEHEHA fIO JIO)KI,ITEJIHO 3HAqI,IMO CT HA IIO CTI,ITHATOTO.

5' oqenxa Ha rvrrHr4.fl, npl4Hoc - ToBa npaKTr4rrecKr{ 6e uarpaneHo or MeH B npeAcaBrHe Ha
Ifa[Iu\ura u na pa6orara. Pa6orara e onpereneHo KoMrrJreKcHa, MHoro crpaHla, r.r3r4cKBaua
3HaqvrerHa I4 cKr'rlocrpyBarlla rexHl4qecKa 6asa, Koero rrpellonara pa|ora Ha rpylr{ or
cneul4anl4crl,r c B3aI4MHo AorlbrrBaHe. OqeevAHo e, KaKTo [oArreprax , Lro &Krc KaHALrAarbr He e
vrttrtwt IJafi,-cblrlecrBeH JrI4rreH rIpI,IHoc B rlonfraBaHe Ha pe3ynrature, rofi ue 6u 6ul rauen n
roneMl4.u 6pofi no4erll{ qyxAeorpaHHll HayqHr4 rleHrpoBe :a pa6ora. Izluero nry Szrypzpa Karo
BoIeIu aBTop s c'roftHocrEu rJzrrLrpalrrfl, 14 rroJrolro4TeJrHrr KoMeHTapu Ha pe3ynrarure.
Yqacrueelo My Br'B BcI4qKu ny6turcaquu e olpeAeneHo HacoqeHo, czrcreMarl43rrpaHo rl
cB:bp3aHo c pa6orara My Karo cfIeIII{aJILrcr B HacoKa Ha 3aflBeHara reBarr4Ka rro Arzceprarlrr{Ta.
floco'IeHoro ca olpeAeJIeHIz arecra'ru 3a ra rrpkreMa Aocrar':6r{eH rLtqeH rrpr4Hoc :a npe4cranxne
Ha MaTepr.raJra oT KaHAVAaTa,

5. IlpelopbKlr I{ KpurutrHu 6enexr<u rro ArrceprauvoHHus rpyA - B e4Ha ra1aBa xaarrla6Ha n
HayrIeH 14 BI4coKo oIIeHeH MexryHaporHo ripr4HoceH rrJraH pa6ora, e HecbrrlecrBeHo sa 4pe6uu
6e;reNxz I'I [pertopbKl4. Ile or6erexta, qe KaHArzAa'r;T uMa MHofo Br,rcoKo HI4Bo, onrrr rI
fIo3HaHI{q' raro rofi e ceJIeKTI4pan ycrrelxHo Hafi-eaNnvre neo6xoAr4Mr4 a3cJrenBaH).tfl c6c
cbo'rBerHlrre I'IM o6o6uenux. )lpy6z rperrrKrr r.r Hecbcro.flTeJrHocrrr a3 He ct,yr za6etnz3g^,

Bre ecexl4 cttyuafr.,3a nbJllrora Ha perleH3LrflTa ule Ao6aes I,r cro6pasHo nrofiro cKpoMHO
MHeHI'Ie, IBe IIO-CKOpO [penOpbKI4-C B63MOXHOCT 3a KoMeHTap OT KaHAI4ITa, KoI4TO BrDK.qaM
Karo Bb3MoxHocr 3a Aopa3Br4TI4e Ha nruporoo6eMHara EeroBa pa6ora : l- [ueepraHr6T e
I43rIOJI3B[IJI CbBKyTIHOCT OT MerOAI4, KaKTO 3a HaHacrHe Ha. T'tbHKrI CJrOeBe, "raQa Lr:la rtxHoro
I'I3cne.qBaHe' Jlasepnara a6la\us. e Me'roA cbrrlo 3a HaHacrHe Ha r6HKa noKprrrrrn np14
KOHTpOnnpaHI4 yCnOBIl.fl, KOf,TC) Ce r{3rroJr3Ba rroBeqe or xopara 3aHr4tMaBaqr4 ce c na3epHa
TexHrrKa I4 BI4coKo-BaKyyMHI4 ]'eXHLIKI4. 3aroea 6zx npeloptrran Ha AlrcepraHTa Aa HanpaBr4
cpaBHeHI'Ie sa Hafr'-lo6plire cnoeBe rIpoI43BeAeHr{ or Hero, KaKTo u na 6uuapln rr .rpnHapH1r

KOMTIayHAI{,TaKa 14 KepaMI4KIa (n roearII4cJIo z YBCO) c roBa, rrprr Bb3tMoxHo rronfraBaHe rro
ABara uretoila' 2- Apyra npenop:bKa e cB:bp3aHa c MoAenr4par{ero Ha BHeceEara eHeprr,rf, r{pe3

MoHoeHepferlrqHlr ycKopeHl4 fr,olj'u na AaAeH ra3. Tyr nocleAHr4Te Morar, TaKa npeArrorafaM,
Ia ce 3aMeHflT lr c I43rIOJI3BaHero Ha Jra3epHo JrsqeHI,Ie, OT eKCI4tVrepeH - HTZTCKO-eHepu{eH na3epeH
Ir3roqHI4K, IrJrI4 or rIo-MoIrIeH OId : YAG z Ap.) na3epeH cHorr. HesaszcnNro or Jra3epHr{fl
I43TOqHI{K, 6u uorno ror{Ho ra ce olpeAeJrr4 KoJrr.{qecrBoro BHeoeHa eHeprll{ Hi} aroM, a uoNe 6z
Ia 4u6ouuHara Ha Ko.flTo ce BHacl Ta3rr eHepfutr. T,e. uo4elbr Moxe raKa ,Ia ce Haro,{rl rz 3a



TaKbB poA nbqeHI'Ie, Koero Mo)Ke Aa 6t4e nrcouoMl,IqecKlr rlo-l,r3foAHo, orKoJrKoro l43non3BaHero
Ha cK6rrocrpyBax{ iloHeH r43ToLtH hK.

Paz6upa ce, KaKTo oflpeAeneHo fioAqeprax, npeAcraBeHr4Te Marep vnrwr or KaHrurara ca
HarrbJIHo AocrarbrlHl4 sa 4ocroftno [pI{cb)I(A aHe Ha vctaHara crerleH v ra1eHure cKpoMHrz
[penopbKt4 [o-rcpe c Hr4Uro He npoMeH.rrr Br4coKara MH OqeHKa Ha Ar{ceprarlHflra.

6' Jluqnu BrleqarJleHuq or KaHAI,IAara - rro3HaBaM KaHAr,rAara Karo Errcoxio r{HTeJrr{reHTeH n
KoMrIereHTeH crleql{aJrMcr B od.nacrra cilt c BItcoKa o6u1a Kylrrypa il Bb3trr.rraHrre,
rpeAcraBqrq s Ha[-Ao6pa ceeuuua or.rrapcKara Hay*a r KyJrrypa.

7. 3axlmqesue

flpegcraneuuqr rpyA e pe3ynrar or ueJreHacor{eHa 14 ycnerrrHa pa6o'ra Ha KaHAHAara Bo6lacrra ua Szsuxara, rIJIa3MeHzre npo{ecr4, Mr4KpoeJreKTpoHHKara, c FrayqeH v HayqHo-
rIpI4JIo)I(eH xapaKTep, KaKTo t4 cbBpeMeHHHTe rexHoJIotLtI4 ea Sororcaralrvaara u QoronolrauKa,flpauu BrleqarJleHze' qe KaHrl4narbr pa6orn B eAHo HarrpaBJreHve, Ho 3asflra pa3rurrHu
MyJITI4At4cIrvilnvIHapHvt o6nacrz Ha Qusuxara. Pa6orara My cbAbpxa rlIaKr,n or 3HaqLrMt4 npr4Hoct4.
Paspa6oreua ca {zszqecKl4 M.A.JIV 3a H3pacrBaHe Ha TbHKrr cJroeBe c BucoKrr KaqecrBa.
zsnorssaFla ca rou6uHa\w or cbBpeMe HHvr aHarvrrdrlHrz MeroArr KoLITo cr4eficrear 3a perxaBaHe
Ha rlocraBeHvre 3aAaqu HflMail\v rpt4BI4aJIeH xapaKTep. Zscne4eauI4Te cBpbxrrpoBoAqrlr4 cJroeBe
c:bc oT'BpeMeHHI4 MeroAI4 I4 FIalpaBeHI4Te 3aKJrroqeHr4 fl 14 pilyJrrarvr vrMar He caMo au6or
QyHAalreHraneH xapaKTep, Ho v peanHvt npuJroxHLt B63MoxrHocrz. florcpar Lrfl.ta or cBp6xrBbpAr4
KoMnayHAI4, !.aBar HeoIIeHI4M rloreHlluar 3a flpHJrolr(eHHe B HanpeAHaJrH,re TexHorron4l4 vI
aBI'IaIIuoHHara rexHI4Ka' llpu cb3AaAeHara cncreMa 3a cyxo er-rBaHe npv Hr4cKu HayflraHufl ca
HanpaBeHI4 BaXHV 3aKJlroqeHu{ 3a npI4no)KeHI'Ie Ha Te3Iz MaTepl4anH npu ycn,tBl4t Ha oTKpt4T}rt
KocMoc' B crexynHocr pe3yJITurure ca cr,qecrBeH,, t43uura,_ u o6orar.rrBar HrarBoTo Ha AaAeHoro
Qusuuuo HanpaBJIeHI4e u ca AoKa3aHo crkrMynvpatrlr4 3a pa6ora Ha lpyrukrscJreAoBarerz. Te ca
rlpeAcraBeHlz Ha BI4COKO MexAyHapoAHO HIrBO cbc cepr4o3eH noJro)KtrreJreH or3ByK B CBeroBHara
Hayr{Ha nl4Teparypa. Or r.sx e oqepraH e4uH 6escropeH KaHArzAar, ocBeH Karo rrocrvrrHaJl
olpeAeJleHo I4 AoKa3aHo ueo6xo4znauTe HayrIHt4 pe3ynrara 3a ucKaHarir cre[eH, raKa Lr Karo
BI4coKoKBaJIzSzqzpan BoAeIrI cIteqzaJlllcr, orroBap.sq Ha BckIqKz 3aKoHoBkt, r4ttcrt4Tyrr'oHaJrHl4 r4
4o6prare TpaAI4III4oHHt4 HopMI4 sa Hail-eucoKara ly6lnvHo rrocrvfaHa crerroH, B qacrHocr B
npereHAlzpaHoro Ha[paBJIeHI4e, 

',AoKTop ua Szsn'recKl{Te HayKn". Onpe4eleHo lpeAJraraM Ha
vsaxae\aoro HayuHo xypn r.rr Aa My 6rge tpuc.sAeHa , 3a Koero 14 a3 rqe fJracyBaM..

Co$u.r, 08. 06. 2015 r. flo4nuc: /n/
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