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oT AOII. A-p KopHeJII4 fpl4ropueB fpl4ropoB, IIJIeH Ha HayqHoTo xypl4

no KoHKypc 3a 3aeMaHe Ha aKaAeMurIHa ArbxHocr "goqeHT"
s o6racr Ha Br4crrre o6pa3osaHrae 5. TexunqecKr4 HayKIr; npoQecuoHaJlHo nanpaueuze 5,6.

,,M ar epr4anu H Marepuaro3HaHHe"

3a HyxAr4Te Ha ceKrlr4fl "KocMuqecro Marepuaro3HaHue" rtpuklucruryr 3et KocMpIqecKI4

IacneABaHIrt LI rexHoJIorztI - EAH, o6sseH n [B 6p.13 or 17.02,201jir.ga HyxtALIre Ha

ceKrlr4q Kocuaqecro MarepI4aJIo3HaHIre

OrHocno: HayqHara, Hayr{Ho-npr4rro}Gara Aefinocr Ha yqacrHlrKa B KoHKypca - rn.ac, A-p
34paera Kvlpulona Kaparrosoea

1. O6ua qacr
Kourypcrr 3a 3aeMaHe Ha aKaAeMI4rrHa ArblrHocr "4oqeHt" la o6racr Ha BI4cIxe

o6pasonauue 5. TexszqecKr4 HayKr4; nporpeczoHaJrHo HarIpaBJIeHI{e 5"6. ,,Marepvanv v
Marepr{ano3naHzte" e o6sseu 3a HyxAr4Te Ha 3a Hy}KAVTe Ha ceKrII4tI "KocMIaqecKo

Marepua"uo3HaHue" r [B 6p. 49113,06.2014 r.
EAnncrseH KaHAuAar B KoHKypca e A-P 3gpaera Kupulona Kaparrosona - fJI.

acl{creHT B cbrrlara ceKrlr4.f,.

flperle.qtr Ha AoKyMeHTr,rre noKa3Ba, qe lpoqe 1ypura rro pa3KpIrB arte u o6sssBaHe Ha

KoHKypca e cIIa3eHa u AoKyMeHTr4Te ca rroArorBeHl4 cbrJlacHo I,I3I4oKBaHI{JITa Ha 3ar<ona ga

pa3BrlTr4e Ha aKaAeMr{qHr4.rr cbcras e PB u llpanuruuKa 3a HefoBoro npl4rlo)KeHile.

2. Kparnu 6uorpa0uuHlr AaHHIr 3a KaHALIAaTa

34panxa Kaparrosoea 3aBbprxBa Bucrrrero cu o6pasonaHl4e B XLrNruqecrLL[ @arylrer
na CV "Cs. Kr. Oxpr'r4clcr.r" npes 1976 r. Karo rpugo6una npo$ecuoualrHa KBaIfir$zxauur

Marr4crbp xprMrzK-HeopraHr4K. [olrlna o6pa:onauzero cll nog rfoprtaala Ha cneAAI4uIoMHa

xaallr$zrallz.rl [o HeopfaHI4rIHa xr4Mkrr, rtnr CV" Ce. Kr. Oxpra4cxa", Konro 3a:l\vraBa c

ApruroMHa pa6ora npes 1980r.
O6pagoeareJrHara v HayLrHa crerreH AoKTop nonyqaBa s TexHuqecrz Vuunepcl{rer -

CoQur npes 2014r. n nporpecrroHaJrHo HanpaBneHr4e 5,1, ManI4HHo LItFIXeHepcrBo, HayqHa

cnelll4anHocl ,,Marepualo3HaHr4e r{ TexHoJIorvfl. Ha MamktHocrpol4TenHllle Marepvrarur" ,

AHageuuunara Kapr,repa Ha KaHAr4Iura ce cBbp3Ba cLc 3aeMaHero Ha no3I4III,LtITa

Haf{eH cbrpyAHr{K II creleu or 1988r. nrrvr TV-Co$u.a. ,{ne ToAI4FII{ [o-KbcFIo e noBIlIIIeHa B

crereH HayqeH ctrpyAHr{K I crenen. Or 1993 r. e cnyxllrer s I4KI{T rctrvr BAH Ha AJIb}IGocr
Ha) IeH cbrpyAHIrK I ct,, a or 2010 r. - Ha Ant,x{Hocr rJI. acl{creHr'

Arrt,lsHo yqacrBa Ha 4o6ponoJrirecKl4 Ha'qara Karo vJIeH ga Texgrlqecru rouurer 99

no Hanorsxiroloraz (BDS/TC 99) Ao 20I4r. xr,lr EZC t4 MHofofoAl4ureH rqJIeH ua HayueH

cbBer no HahorexHoJIorLII4 xtlr BAH.
BseN,Ia yqacrr.re Karo pbKoBoAr.rreJr I{ LrJreH Ha pa6oruu eKI4III4 B peanl43l4paHero Ha

npoeKTrl Kar(ro n Burapur ) TaKa u n uyx6uua. Bneqarrlf,Balqo e yqacruero I4 Karo eAI,IH or
ocHoBHr.rre r43nSJIHareJrI4 B rrpoeKTil CbC 3Har{VTemro sznaHcr4paHe or E.aponeftcKus crros.
@uuanUSupaHeTo Ha HTIKOI{ OT npOeKTVTe, B KOIITO KaHAI4AaTbT yqaCTBa e C BHeApf,BaHe B

npaKrr4Kara 14 3aur4Ta Ha nocrr,rrHarr{Te pe3ynrarr4 c Anropcru cBVAereJIcrB€t.



KauAraAam,r r.rMa rpyAoB cralK rro cnequanHocrra 30r. B.naAee a:ortuitct<u 4 Pycrz
e3I4K.

3. Hayunu rpyAolle

3.1. Odrq uperJleA Ha HayqHure rpyAoBe

[-p 3gpanxa KaparrosoBa npeAcrasfl.54 ny6ruraquu, T alropcls4 cr]I{Aerprcrea n I
yve6no rroMaraJro (n craaropcrno) n rrbJrHr4fl crII4cbK HayqHI4 rpyAoBe, or KoI4To B KoHKypca

sa ",{oqenr" xaprgu,4arcrBa c 37 uayuliu ny6nuxaquz, 3 AnropcKl4 cBl4AereiTcrBa' 1 yue6uo

rroMaraJro (n crarropcrno), 1 anroperpepal Ha AoKropcKara it gucepragmt, 26 Hayr{Ho-

r43cJreAoBareJrcKt4 rrpoeKra. Ilpe,qcranenr4 ca v AoKnaAI4 LI nocrepl{ or HaUvoHaIrHvr 14

Me)rqyHapoAHr4 F{ayqHr{ Sopyrua. Or npe4craBeHara clpaBKa 3a IIIrrIIpyeMocr ce BI4xAa, qe

rpyAoBere fr, ca gurupaHr4 Aocera 26 nrru,lly6nnr<aqvl4re, paBHocroftrua Ha MoHofpaQuueu

rpy.q, BKJrroqnar 11 pa6oru or npeAcraBeHl4re 3ayqacrve B KoHKypca'

15 or ny6lI4KaIII4IITe, c KoI4To KaHAI4Aarbr yqacrBa B KoHKypca, ca ny6luKyBaHl{ B

peHoMr{paHil crTtlcaHns, (2 or rrx c r4MnaKr tpaxrop), cpeA Kol{ro ca TaKIZIBa peHoMI'IpaHI4

, J,".}ffi] "
c Materials

l\ (lll\rDvlvllvv olllr I \ Qllv rwwurrwrvSJ fr Ay '
21 ny6nrzrraqr4zr cavs1la1leHl4 B pelleHsvpaHv c6opurzqu or rcoHQepeHql4v '

25 or npr:4craBeHl{re pa6oru ca ny6nuryBaHu B B'strapux, 12 - s uyx6u
ly6maraqufl e caMocro.flTeJlHa, s 14 KauAlaAarbr e ua 1 lt.acro, s 6 - Harlropo,

B KOJIEKTI{B.

CrUacsrl 3arosa 3a pa3BI4rI4e Ha aKaAeMI4t{HI4.s g.5cTaB e PB cauo 1py

AoKropara noAJlell(ar Ha pelleH3vpaHe, B ro3l4 cJryqafr ua peqeH3l4paHe no HayqHr4Te

rpyAoBe BKrlroqeHn s C|IUC bK HA HAyqHI4TE TPyAOBE 14 PA3

rrpeAcraBeHld3ayl{acrve B KoHKypca 3a AoIIeHr.

AEOTKI,I,

Ocranarulre ly6luraqur4, KaKTo r4 pe3roMerara or I43HeceHIlTe AOKIIaAI4

rrpeABr4A npu otfropu.aHe Ha rpafiHoro craHoBlrilIe 6es peqeusupane.

3.2. OcHoeHI{ [prrHoclr B HayqeH' HayqHo-[pllJroxeH acrIeKT
Tpy4onere ua A-P 34panxa Kaparr,osona ca B o6nacrra Ha orJlafaHe

floKpr4rr4.f, no 6esloroB MeroA. B rasz o6lacr e II AVcepraqVoHHI4t I,r lpy4. lI;
npeAcraBeHl4 3it yqacrl4e B KoHKypca ca Bbpxy LI3oJIeABaFII4s Ha 6esroKonla

orJIo)KeHLI B6pX,y MaKpo-, MI4Kpo- II HaHonoB:bpxHocrl4. Haft-Hoslare V3cIIeAEra

KbM HOBaTa 14 IIepCleKTI4BHa O6laCt, OTHaC[UIa Ce .4O HaHOMaTepruaJIIIoTO

r4MeHHo paspa6ornaHe Ha MeroAr4 3a orJrafaHe Ha noKpI4TI4.a I4 [poBe)KAaHe Ha

sa paSpa6oTBaIIe 14 BHeAptBaHe Ha H9BI4 TeXHoJIorpII4 3a cb3AaBaHe Ha

Marepllanl414 crpyKrypl4 B pa3MepHI4 fpaHuIIZ noA 100 nm,

Oqepraear ce cJIeAHI4Te ABe reMaru'rnu o6ractu:
1. OUarase Br,pxy MeTaJIHII MaKponoBbpxHocrl4 Ha nOKpI4rI4.u c noBlt4

MexaHr{irHl{ cnofficrna, Karo ca pa3rneAaHn csoficrsala Ha KoMlro3I{THI{ III{KO.IIOBI'I

Mr4KpO- 14 HaHo- pa3MepHI4 4O6anru, Ha KOMIO3I4THO noKpluTtae ilnlTluT-Ha

or rsx 1

ailvTe ca

II3BT,H

ce B3eMar

A METANHLI

vKauprvlre,
rroKpr4rl4t,

ce oTHac.f,T

CT,CTOflHI4e'

I4A

HOBATI,IBHI4

Qasr.mo-
KprITI4-f, C

AI,IAMAHT,

BSpXHOCTI4.

oKpr4Tr4.fl Or

r4MepcIIoHHo (>luruuuecro) ranaeHo nOKpI4rI4e, I4Mepcl4ounO (xuruu'recro) KpHrr{e or
cpe6po.
2. Begroxosu noKpLIrI4.tI, orJloxeHlr Br,pxy MI4Kpo- v FIaHo-pa3MepHI'I

I,lsCle4eault ca nOKpI4rI4.fl or 6esroKoB HIiKoJI BT,pXy MI4Kpopa3MepeH AI4aMe[Hr,

nre4, cpe6po, )I(eJIf,3o tr HI4K9JI, orJIo)KeHI{ Bbpxy HaHopa3MepHI'I qacrI4III4' HVCAU



cBoficTBaTa Ha KOMTIO3I{THI4 Marepvanv
y,'I KqaBaqr4 Mr4Kpo - 14 HaHoqacTI4III4.

A. O6rqa xapaKTepI{cTHKa Ira ny6.tunaqul{Te, pannocrofiHll Ha monorpat[u

O6err v [peAMer Ha ]I3cJIeABaHe B [y6nI4KaIJI'II{re, oilvcaHrr Karo paBH

MoHorpa$I4rIeH TpyA, ca 6e3ToKoBI,I KoMIIo3I4rHI4 HLIKeJIoBI4 tIoKpLITI4f,,

xeJre3Hr.r oIIJIaBI{ C aKIIeHT Bbpxy ycTaHoB.sBaHe Ha BrI4qHI4eTC)

HaHOpa3MepHr{ qacTl4ua Bbpxy rf v sutto-tu exal{I4r{Hl4re I4M CBOfi CTB a.

B auoraqurTa ca onI4caHI,I npeAl4McrBara na 6esroKoBl4Te

KoHKTperHo Ha 6e3ToKoBrrre KoMrro3vtrnr4 Hr4KeJroBIr IIoKpI4TI4;I, Karo apfyMeHT

KbM Ta3r4 o6lacr'. Apryntenrr,rpaHo e I{3[oJI3BaHero Ha HaHopa3MepHI4

rloAcr{nBauIr eJIeMeHTLr.

B urpnara qacr Ha pa6orara, orHac{ilra ce Ao 6egroxosu HI4:KeJIOBIZ

Ao6aBKa Ha HaHopa3MepHI4 qacrl,IqI,t, orJIo)KeHI4 BT,pxy croMaHa, ca npeAcra'BeH

3a BIu.f,Hr4eTO Ha ToXHOJIOII4qHI4Te IIapaMeTpI{ Ha IIpOqeCa Bbpxy CsOfrClsara Ha

froKpr4Tr.re Ni+DND, KaKro 14 3a cBoficrBara (nr.rrcpocrpyKrypa I'r M

KoMno3vrHo HHKeJIoBo rIoKpI4rI,Ie c go6anra ua DND u NB, 3a ronorpaSuna
crpyKrypara Ha noKpl4rraero NiA{i+DND.

Brn nropara qacr, BKJIIoqBaITIa 6egroxosu HI4KeJIoBI4 [oKpI4TI'rs c

HaHOpa3MepHI'I qaCTI{qU OTJIO)KeHII Br,pxy qyryH, ca ilpeAcraBeHl4 M

na6moAenus, Ha Ml4KpocrpyKTypara, I43MepeHa e Ml4KporBbpAocrra Ha

orJro)reHr4 Bbpxy IIflrv vr L{3orepMI4tIHo 3aKaJreHI4 qyryHl4. llponegeuu ca u
TecToBe r,r eJIeKTpoHHoMI4KpocKoIICKI4 AHAIIId3 Ha [OBbpxHocTTa Ha noKpl4TI4Te

B r43BoArlTe aBTopr,T rlocoqBa ycraHoBeHI4Te 3aBI4cI{MocrI4 Ha B[Iu

ytKqaBarrlure HaHopa3MepHr{ qacrr4rlr.r Bbpxy Ir3cJIeABaHI4re ceoficrsa Ha noKp

orJraraHe rr repMLIr{Ha o6pa6oma. klscr'eyttauu ca Ml{KpocrpyKTypari}, MrI

lr3HocoycToftvrznoorra, Cl';aTaBa I4 cTpyKryputa Ha orJIo)KeHI4re clOose. A
KaKTo HaJruqzero, TaKa v lwfrcara Ha Kopenarlr4{ Menqy I'I3cJIeABaHI4re csoftorsa.

I n. upuuoclt B HayqHure ny6rurcaqun Ha KaHAI{Aara

1" Ilpuuocu e nydnuxaquume, omHacnu4u ce 0o omfla?QHt? Ho

n o d o 6p e u u (t us u xo - n exaH uq H u c e o ilc me a 6bpxy M e mor H u

Csoftcrea Ha KoMnO3I4rHIz HI4K9JIoBI4 IIoKpI4rI4.;I c MI{Kpo- 14 HaHo- AooaBKI4

flpuuocuure MoMeHTI4 B ocHoBHara -uacr ua ny6luralll4l4re Ha A-p
OpI,IeHTI{paHII K:sM I43tCH.tIBaHe Ha BJII4IHI4eTo Ha go6arru oT MI4KpO- 14 Ha

y.qKqaBaIIIu qaCTUUI1 npz 6eSrOr<OBo oTJIafaHe Ha HVK9JIOBI'I nOKpI4tTI4.a

MeXaHr.rrHrITe I4M CnoftCrsa. Analugrr Ha nOIyqeHIITe pe3ynTaTr BOp.LI Ao YCTa

3aBr.rcr{MocTLI, KoI4To tIo3BoJItBaT paspa6ornaHe Ha ToXHoJIoTLII4 3a HaHacflHe

Bbpxy x(eJre3HLI clrJraBr4 c no4o6peurr eKcrrJroaraul{oHHlr xapaKTopl{crnv 3a il
KO CMI,ITIECKOTO M ATEPI,{AJIO3HAHI4E I4 B HA3EMIII,ITE TEXHOJIOTIII4.

3a noryuanaHe Ha noKpIrrI4.sITa e LI3IIoJr3BaH pa3rBop 3a orJlaFaHe Ha

HV KeJroB r4 rroKDr4rr4r rlo M erona EOTTOM -HI4KEII,
flpuuoczre B re3II Hayr{HLI rpyAoBe ce orHac.flr KbM HoBocrv 3a HayKara,

r4 r4mKeHepHa [paKruKa.
Hosra.flr Marepllan e HaHopa3MepeH AI4aMaHT, noJlyr{eH rlo Aerorl

(DND) 3auII4reH c US Patent No. 5353708, LI3II9JI3BaH 3a nr,pBl4 Irbr Karo

Ao6asra 3a HaHacqHe Ha KoMIIo3I4THI{ HI'IKeJIoBIZ noKpI4rLI.t{. DND e 3BAH I{ B

uo4nQuqupaHr .uyryHr c BrpaAeHl4 noKpI4rI{

HA

o'rJIo 14 Bbpxy
Hit yA qaBarll4Te

t4fl. vr \o-
r4HTepeca

III4 KATO

oKpt4TI4.{ C

pe3yJrraTli

THO

Aocr) Ha

c'bcraBa tl

BKA HA

orpaScxu
KprlTIdflTA,

qH14

HIETO HA

0neA

pAocrra,
r43r,lpaHo e

umun c

tbo3oBa ca

epHr{

Quszxo-
B,'IBAHE HA

noKpr4Tr4{

JIO}I(EHI{E B

6esroKosla

HayqHara

eH MeroA
yqKqaBarqa



KoM6r{Harln.f, c HaFropa3MepeH 6op (NcB). 3a noqroNttu ca LI3rIoJI3rauu o6pa:III4 or croMaHa

I4 BIICOKO.'IK I{YIYH B JI'TO CbCTO'HI4E CNEA I43OTEPMVqHO 3AKAII'BAHE (ADD.
llscle4naHero BJrpr.rrHvero Ha rexHoJlofr4qHr4Te rlapaMerplr Ha npoqeca Ha orrlaraHe

(nouqeurpaqvfl.Ha DND, Ao6asKa sa DND B cyctreH3l4fl.vIrv B c)xo cbcrorHl4e, orJlafaHe Ha

e4uocloftuo KoMrro3r{rHo noKpr{rr4e Ni+DND I4ILI ABycnoftno rarosa NiA{i+DND) nlpxy

Qusr.rno-rr,rexaHrrr{Hr.rre csoftcrsa Ha [oKpr4rr4.r{Ta BoAI{ Ao nonyr{aBane Ha eKcnepI,IMeHTaJIH

3aBI4CI,IMOCTI{ C erteMeHT Ha HOBOCT, OrrpeAeJr.f,rrl ce oT I43IIOJI3BaHeTO Ha I{OBI{.fl MaTepl'ian

DND.

B. Ilpunoucevun Ha noilyqeHume p%yrmamu

C.l. 3a HayuHama npaKmuKa ca or 3HaqeFrue flonyqeHl4re HoB]I AaHHV 14 Hoarl

eKcrrepr4MeHTilJrHr.r 3aBr.rcr4Mocrv, za $uzuKo-MexaHr4qunre ceoficrBa v 3a crpyKrypHl4Te

rrpoMer{r4 B HrrKeJroBrr KoMno3r4rHr{ noKprrrr{q c BHeApeHI4 HaHopa3N,{epHI4 qaqrzuu, llo-
.qo6pure pe3yJrralr4 3a Mr4Kpo'rBr,pAocr r.r r43Hocoycrofiqusoct Ha [oKpl4rl4lra rlonyqeHll c

Ao6asKa Ha HaHopa3MepHrr qacrrrrla cre4 orJraf alne v cneA repMlruna o6pa6orxp, cuqo ca

Bax(Hrr 3a HayqHara o6ursocr 3a pa3rrupqBaHe Ha o6nacrure HM Ha npunoxeHl{e.

C.2. B uuJtceHepHama npaKmuKd Morar Aa ce I43noJrsnar pa:pa6oreHzTe TexHonorplu
3a HaHacrHe Ha noKpurue NiA{i+DND Koero HaMr4pa npI4JIo)KeHVsr B NIe}qq/HapoAHLrs,

lpoer(r <O6craHosKa) 3a r,r3cJreABaHe Ha csoftcrsara Ha AlzcrlepcHoy.f,KqeHa a[IyMI4HIleBa

crIJIaB, [peAHa3Har{eHa 3a orKpt4TIIf KocMoc. Cnnasra e noKplira c KoMtIo:]IrrHq noKplrrl4e

NiA{i+DND sa nogo6prBaHe Ha noBbpxHocrHr4Te v xapaKreprrcrnru. CleA npecroft He ro-
MaJrKo or 6 rr,receua KoMrlngncrr ,,OECTAHOBKA" qe 6t4e ntpuar Ha 3eMtra 3a

no c Jr eAB aultr Lr3c rre ABaHrrfl .

Ceofi cre a Ha KoMIro3I4THo n oKpI4T ve anarur - HaHoAI4aM aHT

Cls4a4eHo e HoBo KoMno3r4THo noKpr4Tr4e anarl{T-HaHoALIaNIaHT noAxoAflIqo 3a

noKpvBaHe Ha MeTturHr{ prMrrJraHTr.I 3a 3a3\paBflBaHe Ha BpS3KaTa Ha IrMtrrJIaIITa c KocTHaTa

cr4creMa, rrpeAI.IMcTBo Ha Koero ca IIoBI,IureHa eracTr4qHocr 14 TBbpAocT I{ [0-Ao6,pa a4xesux

KT,M MeTSUrHaTa OCHOBa B CpaBHeHLIe C qUCTOTO nOKpI4TIIe OT a[aTI4T.

I,Iltepcuouuo-KaJlaeHo noKppITae Bbpxy Me.4 u MeAHI4 crIJIaBI4

Paspa6orena, kr3crre4Bana v e BHeApeHa B peAoBHo rIpoI43BoAcl'Bo r{oBa TexHonoru.fl
3a HaHacrHe Ha rroKpr4Tue or ranafi rlo xrzMr4qecKr.r Haqr.rH. llorpuruero ce xapaKrepv3vpa c
no-4o6pa npuuofinaeuocr Ha Marepr4aJrr{, rz3rroJr3BaHl4 B MeraJloo6p46ornauero,

erreKTporexHLrKura vt eJleKTpoHrzKara. VctanoseHz ca 3aBl,t,crtMocrll 3a BJI4.f,HI4ero Ha

onpe,AerreHr{ 4o6anxz KbM pa3rBopa 3a noKarraflBaHe Bbpxy 3bpHklcrocrra Ha t[ony{eHoro
KaJraeHo rroKpzrr.re, Bbpxy Kopo3r4oHHara ycroftuueocr n cnoftuaeMocrril Ha [oKpI4Tl4.tITa.

I4nepcraouuo rroKpr{Tze or cpe6po Bbpxy MeA I4 MeAHIT crIIaBLr:

Paspa6oreu e HoB pa3TBop 3a orJraraHe Ha cpe6po ro xI4MI{qecKI4 Ha'r'vtH,

nper4MylrlecrBoro ua nofiro e, qe ce uz6grsa Iz3rIoJI3BaHero Ha BlrooKoroKcI{'1lIHIlTE \ualuu!.ttu
ftosu. llolyueuu ca nJrbrHr4, 6esnopecru, paBHoMepHI4 rlo ge6eluua no.Kplrrl4.n c 4o6pa
cnoftgaet\4ocr 3a noKpr4BaHe Ha nerafilu or MeA Ir MeHLr cnJIaBIl.

2. Ifpuuocu e nydnuxa4ultme, omuacau4u ce do
6bpxy MuKpo- u HaHonos'bpxHoctnu:

6es tnoxoeu noKp unxun, ?m'xoilceHu



B ny6nur<ar\Lrrrre, Kacaerlr4 Te3r,r noKpr4rr{t [pt4Hocvre ca BbB Bpb3Ka c pexreHl'Ie Ha

c:sulecrByBarrlr4 upo6levu orHocHo paBHoMepHoro pa3rlpeAeneHl4e v 3&,{bpx&He B

Marpr4llara Ha y.rrKrraBaulkr qacrkrr\r4, r43noJl3BaHrr xaro 4o6arKl4 KbM pit3rl4rtHv Marepuanll.

Ouarauero Ha MeraJrHr4 rroKpr.rrrrs Bbpxy re3tr qacrvlJu e HaqI4H 3a no-4o6po

xoMoreHr43r4paHe, no-Ao6po orvrorprHe ri [o-3ApaBo 3axBaIIIaHe B cborBorHara cpeAa. BnAm
Ha noKpr4Tr4ero ce onpeAen.s clo6pasno o6lacrure Ha rlpl4noireHlre.

2.1. llorpurue or 6egrorcoe HI4KeJI Br,pxy MLIKpopa3MepeH AI4aMaHr

3a nrpnu rr:br e HaHaceHo roKprrrr4e or 6esroKos HI4KeJI c DND (i{in{i+DND) nrpxy
Mr.rKpopa3MepeH .!,r{aMaHT pr e paspa6oreHa rexHoJrorr4.f, 3a noKpvBaHe Ha MLIKpopa3MepHI4

,qr,raMaHrgHr{ rracrr.rqu 3a ycraHoBrBaHe Ha no-go6rp u ycrofiuur KoHraKT npl4 BrpaxAaHero
r{M B KOM[rO3r{THZ MaTepVarIU.

2.2. llorpurul or cpe6po, MeA, x(eJrs3o r4 Hr4KeJr, orJIo)I(eHI4 ro 6esronoB MeroA Bbpxy

rraHopa3MepHt4 qacTLrIII4

Paspa6oreua 14 r{3cJreABaHr{ ca MeroAr{ sa ruo4rarfuqupaue IloBtpxHocrra Ha

HaHopa3MepHH qacrr4rlr.r or DND, TiN, SiC, TiCN, AlzOs qpe3 I{aHactHe Ha noKpl4rl{t or
cpe6po, MeA, Hr{KeJr 14 )Kers3o uo 6egroroB MeroA.

llolyueuu ca eKcnepr4MeHT€trrHrr pe3yJrrarr4 3a 3aBI4cI,IMocrra Ha 4e6eluuara Ha

HaHac.rrHr{Te rroKprrTr4.f, oT rrpeABapLITeJIHaTa rIoAfoToBKa Ha MaTepLraJII4Te.

C, IlpunouceHue Ha HayqHume npuHocu

C.l. 3a HayqHama npaKmuKa
3a uayuuara [paKTr4Ka oa or 3HaqeHr4e ycraHoBeHrrre rexHoJIo]rI{qHI4 rlapaMerpv Ha

[poqeca Ha [peABapr4TeJrHa noAroroBKa Ha yqKqaBarrlr.rre qacrlrql{, AoKa3aHOTO rIpeAI4McrBo

Ha r43noJr3BaHe Ha Ao6asKa or yrKqaBaulr4 qacrr{rlr{ B cycrleH3lr{ npeA ,qo6anxa B cyxo

cbcTorHrre, npeAIIMcTBoTo H€t r43rroJl3BaHe Ha MeTOAI4 3a Aeafperup€IHe Ira noKpvBaHI4Te
rlacrr{rlr4 3a loryqaBaHe Ha cra1urlru cycrleH3r{kr, rIpI4 Koero ce nonyr{aBar paBHoMepHI'I,

rrJrSTH\I nOKpI4Tr4r.

C,2, B uHc{eHepHama npaKmuKq

CrsAaAeHure eKcnepuMeHTr4paHr.r 11 Beqe r43rIoJI3BaHI4 TexHoJIOTI,IH 3a orJlaraHe Ha

noKpr{Tr4r or Hr4KeJr, ueg, cpe6po r4 )KeJr.rr3o B:bpxy pa3nwIHI4 rlo tIpLIpoAa HaHopa3MepHI'I

y.rrKrraBailIr4 r{acTr4l-ll4 MoraT Aa ce H3rroJr3BaT B rrpaKTLIKaTa npu nrogrzsuqupaae Ha clJIaBL{.

2.3. Kouno3r{rHr.r MarepvurLt c BrpaAeHu rroKpr4rl4;l c HtaKeJI yflKr{aBailIl4 Mt4Kpo- 14

HAHOAI4AMAHTI,I,

Paspa6oreH e non EKOJIO|I4IIHO III4CT KoMrro3r4reH MarpuaJl sa u:pa6orBaHe Ha

IlHcrpyMeHTr4 3a p.s3aHe Ha KaMbK, n roftro roKczqHufr eJIeMeHT ro6alr e 3aMeHeH c x.anaft.

3a no-4o6pr{ eKcrrJroararlr4oHHl4 KarlecrBa Ha pe}Keulr{Te cefMeHTI{, cnJIa,BTa e ysKr{eHa c

BfpaxAaHe Ha rloKpl4rt4 c NiAIi+DND MLIKpopa3MepHu rrraMaHreFII{ qaorl,Iul4.

YcranoseHr4 ca HoBr4 eKcnepliMeHTaJrHrz 3aBl4or4Mocrkr 3a BltvflHr4rero Ha Hauo 4o6anxa
or MeraJrr{3Izpan DND K:sM pa3TBopr4 3a orJlafaHe Ha HrrKeJIoBI4 noKpI4TI4.s no 6e:roroB MeroA

Bbpxy $nsuro-rr,rexaHz LrHrzre ura csoft crsa.



VcranoseHo e, qe r43rroJr3BaHero Ha Merarrl43lrpau DND B KoNIrIo3IlrHI4 noKpl{rl4q,

[onyqeHr4 rro ABara MeroAa - 6egroroe v rarrBaHpr-ueH, rloAo6ptlBa Il3Hocoycrofiunnocrra I4M,

HO He BJrr{.fle Ha MT4KpOTB:bpAOCTTa.

[oxasauo e, qe Hr4KeJroBoro noKpr4Tr4e Ha Harrop'nal.raur noAo6pflBa repMO3aIIIpITara

My, a HI4KeJIoBoro rroKpt4Tr4e Ha Mr4KpoHeH Ar,raMaHr no4o6prBa 3axBaIIIaHero My or
MerarrHara MarpI4IIa (ao 80%).

C.Ilpuuocu

C.I. 3a Haywlama npqKmuKa

I,IsnorgsaHrzf,r 3a nbpBrr tr6r MeroA sa 6egroKoso HI4KenLIpane E@TT'OM-I{IKEI sa

noKpzBaHe Ha Mr4r(po 14 HaHor{acrr4rlr4, Mo}Ke ycnerxHo Aa ce ilpl4nara B HayqHaTa. IIpaKTI4Ka

npr.r r43non3BaHero Ha qacrI4III4Te Karo ytKqaBaIIIa go6anxa K'bM KoMrlo3vrrIrkt Marepvanv c

no4o6peura eKc[JroararlkroHHr{ xapaKrepucraKl4.

C.2. B uHuceHepHama npaKmuKa
CBAa.{eHara !{ eKcnepvMeHTlrpaHa rexHoJrorr4-rr 3a orJraraHe na 6egroroBl{ HI4KeTIoBH

loKpr4T[.f, Bbpxy HaHopa3MepHrr qacTr4rlr4 npr4 r43rroJr3BaHero I4M 34 y.f,KLIaBaHe HA

KOMIIO3I{THI4 MATEDI4AJII4.

2.4.fIputaraue Ha HaHopzuMepHI{ IlpaxoBe, noKpt4rl4 IIo 6esloKoe MeroA npu
uo4zQuqupaHe Ha pa3nnr{Hu MapKrr qyfyH:

3a nrpnu nt,r ca MeraJrr{3rrpaHrl HaHopa3MepHr.r qacrl4ul4 or Ti},I, TiCN, cBN raro e

rrpr4nox(eHa ycbBtprxeHcrBaHa rexHorofu.fl, ocHoBaHa Ha Me'roAa EO'|TOM-HI4KEII.
rlacrzqlrre ca r43rroJr3BaHrr Karo Ao6anxu sa rtoguQuql4paHe Ha r{yryH.

YcraHoeeHl4 ca HoBIz eKcnepr4MeHTaJIIJr{ 3aBr4clrMocrv 3a BlrvfllurlrSTo Ha rIo(pI4TI4 HaHo

4o6anxu or TiN, TiN+TiCN, cBN nrpxy Mr.rKpocrpyKrypara n {rusutco-MexaHl4qHl4re
ceoilcrea Ha qyryr{ri,

VcraHoseHa e v 3aBwcr.rMocr B rlpoMflHara Ha Konr{qecrBoro o0Tarr,r{eH aycreHI4T B

npoqeca Ha r4gnvrBaHe Ha I43Hocoycrofiqlrsocr Ha BIrcoKoflKI4 I{ Ir3orepMl4r{Ho 3aKaJIeHI4

cQeporparpurHu rIyryHLI.

Auarusrr Ha [onyr{eHr4Te eKcrrepllMeHTarrHt4 3aBr4cr.rMocrtrr AoK€BBa, qe tt3tlor3BaHe

ua 4o6arxz or rroKpr{rr4 HaHopa3MepHV qacrr4rlra DND z TN ycKopt{Ba trpoqeca Ha

Kpr.rcranv3arlufl, Karo ce [onyrraBa uzype6uxBaHe Ha crpyKrypara Ir IloAo6ptvaue ua

MexaHI{qHI4Te XapaKTepvarr4Ku Ha qyryHeHl4Te orJII4BKI4.

Ha6lrc4aaaHo e yBenr{ireHr{e Ha Korr4r{ecrBoro 14 pa3Mepa ua lpa$uruara $asa 6ez

npoM.flHa Ha Qopnrara Ha rpaSururare 3bpHa B JLarI'Ire cSeporpaSuruu qyryHu c

uauouo4utfr4Karoprr. B pesylrar Ha roBa ce [poMeHrI KoJraqecrBeHoro rcr,oruone]Fll{e MexAy

crpyr(rypHr4 eJreMeHrrr c pa3nrrqHa rBbpAocr, Koero rroBJrr{.aBa o6qara I4M TBbp,qo(:r. O6uara
TBbpAocr HaMarrflBU AoKaro r43Hocoycrofiqueocrra Ha Jlflrl4're qyryHl4 ce noBI4IIIaBa rrplr
r{3noJr3BaHe na natroAo6agxa.

YcraHoseHa e rrpoMtHa Ha rvrop$oJrolpr.rrra ua 6efisutuut Qepvr pI Ha KllHerv:r.ara Ha

6efisursoro rrpeBptxlaHe B npoqeca Ha r43orepMrzqHo 3aKalqBaHe Ha cSeporparfurHra
qyryuu B fopHuq 14 .qoneH r4HrepBaJr Ha 1efi'surruata o6racr [pI4 HaJIITUI{ero Ha

uanono4aSr{Karoprr. Tona perpneKrr{pa Bbpxy rBbpAocrra Ha o6pasqure u ce cBbp3Ba c

oco6enocrure Ha MexaHr{3Ma sa 6eftsursoro npeBpbulaHe B ropHl4.r I,t AoJIeH I4I{repBaJI Ha

6eftuuruara o6nacr.
llsrr,repeuu ca no-Br4coKa rBbpAocr, rKocr Ha orr6H, tIo-BI4coKa y4apr:.a xfl4JlaBocr I4

no-BllcoKa r43Hocoycrofiqusocr 3a rz3orepMr4qHo 3aKaJreHr4 r{yfyHr4 c uaHogobaeru. Hafi.-



BIzQoKa CTeneH Ha npeBpbulaHe Ha ocrarbqHrI' aycTeHr4T B AesopMarlr4oHeH MapTeH3r,rT 14

Hafi-BLIcoKa I{3HocoycrofiqvBocr ca noryqeHLr npv HaHoMoAH(bLrKaropr4 TriCN+TiN;

floxa:ano e npeAllMcrBoro or r43rroJnBaHe Ha noKpr{Tr{ HaHoqacrr{rlr4 Karo
nto4zQuqzpam,a Ao6aBKa npl4 floryqaBaHe Ha qyrylu c uo4o6peuu eKcrrJroararlrroHHr4
xapaKTepr{cTr{Krr.

Cls4a4euara, eKcnepl4MeHTr{paHa v rr3rIoJBBaHa rexHoJloflafl 3a orJlaraHe Ha
6esroKoela noKpLITI,Iq Ha Hr{KeJroBa ocHoBa Bbpxy HaHopa3MepHr4 \acrr4rlu Moxe ra HaMepv
npunoxeHlle B [paKTI4Kara sa rvro4z(furlvrpane HA rryryHr4 ga rroBr,rrreHr,re Ha
eKctlnoaTarllIolJH.nfl. I,rM KanauLITeT,

4.Hayvnra rpoeKTr{
[-p Kaparbo3oBa e yqacrBanas26 rpoeKTa, s.a2 or KorzTo e 6utav e pbKoBoAr{Ten.

B 2 Enponeficru [poeKra cbc 3Harrl,rreJrHo $nuaucvrpale, e eAr{H or ocHoBHATe
r43rrbJrHr{Te,tz. folsua qacr or npvHocr4Te B Hayr{Hr,rre rpyAoBe ca pe:lyJrrar ua pa6orara no
Te3u npoeKrz, Toea e AonpI4HecJIo 3a no4o6pxnaue Ha Marepr.rilJrHo-TexHrzrrecKara 6asa ua
HalpaBJIeHI4ero, B Koero pa6otu KaHAr4Aarr,T, cbrrlo 14 3a noBr4IrIaBaHe xea.rlzdIaxa\LrflTaHa n-
p KaparrosoBa r4 nefinu're KoJrerr4.

5. IleAarorrrqecKa r{ eKcrreprna qefiHocr
lle4arorz.recKl{tr oIIIzr Ha A-p Kaparuosona BKJrroqBa BOAeHe Ha ceMLrHapH[

ynpaxHeHl{t, cryAeHTcK[ npaKTr.rxu s TY-Co$uxtt [perroAaBaHe n Terxno,norr{rrHo 1nrprnuue
,,ErextpoHHlr clrcreMl4" K:bM Texnraqecxrr yHr{Bepcurer. T.s e 14 cbaBTop B eAHo yre6uo
noco6ue,

Karo encnepr e qJIeH Ha HaquonareH c6Ber no HaHorexHoJrorr{r4 - BAH ra na
rexHzrrecKl{ cbBer BDS/TC99 ,,NANOTECHNOLOGIES" xru E:slraprcxz r.rHcrr{ryr 3a
cTaHAapTr43Ar\us,

6.3arc.troqeuue
flpone4envre eKcrIepI,IMeHTI,I, nonyr{eHr4Te pe3yJrrarr{ u rexHr4f,T a*aIrvr3

rlorBbplKAaBar orlaKBauvrflTa 3a rronf{aBaHe na rroKpl4Tr,rr c no4o6peHl4 KarrecrBa. Tosa Aasa
Bb3MoxHocr :a u:pa6orBaHe Ha HoBt4 Marrrr.rHHr.r geriafttu c no4o6peHr{ crpyKTypnr Lr

Qu:uxo-uexaHl4rlHrl cnofictna, I(aro Hanpuvep, lo4o6peHa rBbpAocr lz rr3nocoycrofiqusocr.
B rosz acrIeKT ocBeH QyH4arraenraJrHr{Te npr4Hocr4 Ha onr4caHr,rre !rpy,4oBe, HaMr,rp aMe rr
KOHKperHr4 [paKTr{r{ecKr4 rrpr4JroxeHr4.f, c r43pa3eH r{KoHoMr,rqecxu e$exl.

llpe4nu4 I{3JIo}KeHI4Te pe3yJrrarr4, rrocrrr}r(eHr4.fl, npr{Hocrr u [pr,rJroxeHrrr ga
no4o6p-rrnane Ha MexaHI{qHLITe I,I crpyKTypnra csoficrea Ha croMaHr4, rryfyEr r,r rpeAno}KeHure
MeroAI,IKIr 3a rIoKpI,ITvrfl Ha HaHor{acrr4qrz or ArzaMaHT z TiN, TiCN, cBN, y6e4r,rreJrHo
rlpeAnaraM na Ysaxervrzx HC, Aa rrpt4cbArT HayrrHoro 3BaHrIe ,,4oqeHT,, na A-p 34panxa
Kupunona Kapartosona.
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