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PHHEHSHfl
[Ia Auoegiaqronl{H,a rpy,q ,,I4spacffiane H r{3cJreIB&He Ha rtrrr}r cJroeBe 3a rlpsJrox(euue B

hflrtposJreKrpor{r{KflTa rr Kscu${rt{rcxom npudopocrp$easoo na Aoq, d-p Kop*wu fpueopueo
Fpaztpot 3a noJIyq&BflIIe lia lrfl;'nrara ctenelr ,r$txmop utr ft&lKuttetn n o6racr *Ia snclue{o
o6pas<rnanne y', Ilpupoduu Haynl4, ilqme#arnuwt u aur$opn:urnuKd; npo$ecuox*a-nno
HerlpaBr'rgHl{f: 4,L QaturrecKu Hfilntl; HATTEA CneqfiflJrHscr ,,c,mpyxmypa, )ve"taruvl.tll u
me pwu vr t u c eo irc m ea n a xo a d e n tupau 0 tne xamepaa " 

"

Peues:e'sr:: I"eopru Mfixaftnos Mn*genor, A.tl:ue,u", nposecop, qil.-Kop, na FAH

l. 06qu rroJtoats$nfl u 6uorpaQraqnfi AaHHa

_ /.fou' A*p Kopne:rll fpnropon e poreu rpe3 Ho.srvrBpr-r 1960 r, B rI). Co$Nx. 3ansprual e
Mnsuo*reonoxKl{Jl }'}rntsBpc}rreT uper 1984 r,-sffsrlfiarnoc'r ,,r}usrara N neoQuruna;. ilper
1984-1985 r' padotx Karo Hltxenep r XE 8,4.H, a npe: 1985-19E6 e rTa cneur4arrr.rsaru{r n
I4Hn:izryra no tlnrura *ra IIAH. I{ory.run e lrnyqnara n odpasoner:nerura crenen l-p I ph"D
crerea) rlp*s 1990 r. n ftro"urur4 B'rls Eapmermimn TerurcJrolnsen yrrr{nepcurer - }fuicirar"yr no
MI{Kpe}eJI$1flpoI{r{Ka n oilToeraKtpor{ilKa, ,{ucep'raqnl'r" My e Ha reua ,,Efigxm ila p6xt r.aa1e
sbp;ty nilpauernp\tffie as MOC effipyrcnypu". [1pe3 199] r. pa6orH n I,lE EAH; np,eslgg2-lgg3
t.' e ,,post-doutoral'n uscfieAoBare.n n tr4umnryra no 1pyxnaMen?aJrHq eJren:tpoHl{Ka Hii
Vrizurepcmera Ilapnx-l0r. Ilper 1993 r. e naOpau sa u,c.II creneu a kIE FAFI. flpe* 19g5-
1997 r, e rocr-uscrel{onarejr u ,Ila$oparop$t"{Trr no eJreKrpoHlra cnsxrpooKognr Ks?vr
YrmnepcNtera u Fla.rvryp, Eemnn. flp* 1998-1999 r. e rocr-rrrcJle.qeisarer n L{eNalp no
[ScneABaHId.s tl* cnoftc'ruar& I.{a uurep$efrcn r{ KaTaJrr{3a pia Yuuneucs,re.ra llara"rr n Kne$er,
Kanaga' ft 1999 to 2001 r. pa6ona raro u.c.I cr. (rnaren acnmenrjn I4X 6AH, a upe:2002-
2003 r. padoru Ksro craprufi r'0cn'*li3cJteAoBoTeJr n l,lucru.ry'ra no re:KuoJrorxrl ]r alspouaBrr_lKa]
Sao Jose dos Campos, Epa:rzmr.R. Rper 2003 r. e orlroBo n liE FAFI, Kt,{ero e us6pan sa
cr'n'c.ll cr (cera,4or4eur) H paOotu u npss 2004 r, ITpel 2005-2006 r. e or11oBo B

Bpa:l:rlrx, u tr{ncrrrryra uo H aepouaBruK€r, crrel Koero npffi 2007 r. s focryBeul
npr:rpecop n Jladopatopfit uo cr.JIHH Maxn?rlrr{ florrera B ,I-{pel4eu, I'epvantrx. Ilpes 2008-201 0
r' e uoK&IIeH upo$ecop n tr'Inctut;nft Ro rexHottorHl{ r'r aepouauT}rra, Epasuxrla, Ot 2012 r. Xo
cet'a pa6oru Ha I{ayYHaTa Afl}')Knocr /{ortsuT n }Iucrrn"yra no Koc},{l{qecKl{ r.{3*JIeAB{rHHr r{
"ttxHoJlofnu ua EAH.

[ou, a-F K. l'pxropon e nocortnJ] xaro orpa3e$J{ B A$ceFral;t{rca26 uy6nzxaquu ua
crarl'Jl{ B $ayqHH onHcanufl (nulovurelno 2 rry6.uxx&r${tr,':1oKna.rlBal{u Ha JH,EE enruwo:uy:r,r)
KaKTo !{ I aOrelaa Ha llauuol{aJllra ron$epenur{.f, B Gmuurata fAP r,r 2 rnanu c}r nayrrua Kunra.
rlpeAc'ronelr Nrr s cnHoT:K or 47 qurup{l}r.r4s Hrt 4 pa6orn, BKJrro*reHFr B Aueeprarutotrg}ra rpyA
(.3-14 uu'rara; 5-17 qurflra; 1?-15 rtm:am n 14-luurar), Pa6o'ra,a l? e narpaAeu{r c Harps.Aa
"At(tl,(" E. ffx"lrono' - Ka'r.o Hafi*Ao6pa pa6ora no paguotlHsrna r{ eJlexrpol{r{Ka rrpe3 20ll r.
F eqeulenn'r s{r6eru:}a AoIlb.IlH}.rrE rno ou1e 24 qurarn ua pa6ma 5, rarro H 4 r*,{Tara fia pa6o1a
l(uotr.tepara TyK ca uo aBl\)pcKll"{ cII].foT]K ]ra orpaser{ftre $ 

"m{oeprar{prxra 
pa6orn); 4 rlurara

na pa6o'na 4; 3 quram na padora 26 ; I I qr{Tara na pa6ora 27; 1 qr.rr:rrr ua pa6o.ra B; 2 usra.ra
na pa$ora 1 1 u 1 rill'rar na pa6ota 1?.
2. Ofrqo onucauue Ha,&ucepraqr{flTa

B urpua r,n&Ea or Al{ceprarll.r{Ta }ra 14 c.rpar*u1u ca pffirne"qa$H rrtr}orrecHTe r{a
paSnpeAeJIeHAe Ha oTno)KeHATa eHepnlfi Ir yilJItTHTBAHETO rla CJIoeBe npIZ HaHaC.flHeTO LrM c
$usuuecro napno oTJlaralts| trpr.rAp1l(eno or ionno acuc.rlrpal*e. flpu nucru rtsMneparypri n$
$o,uJloxKara I4 Ha orJrarfl!{ax cncfi, eneprltr'm ]re esxc"Iapeud]i're orrararlem fionz (ua *Hepren
rffi IrJlLl na e.{Hi{ or yr{ac.TBalrlu:re I H3rpaxgaHsro ga cJIOt KoMJroueHTu) nogroJ?gaa r{a
LIa*TIiuI.ITe or roput{te cJIoeBe Ha r$pacTnarqutr TbHbK cnoft g{d 3aei.vraT cHepre.r$qecirri no-
I1i]foAHI{ Ilo3l4t(I{t-tr c Koero drpyKrypara Ha cJroq ce yfft"brn"rlna. Otuec.rugHt;"I,o }ra re3l.r
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qacTHI{.t{ cTaBa B pe3yrr.Trrr }ra HeeJracrr.rrrHrrre y8apH Me)rqtry .fulpolu Ha riaaarqRTa qacl'flr]a lr
eAIIa OT qac'r'lrq}{Te Ha rr3peaTB4lqltfl c,lom, npl{ Kol.rl'o e nFrellMsr'ra Aico'r'&l"bqH& 3a

orMecrnaHer\l eneprlrfl. fiuc*p'ranrrrT Aeilroffcrplrpfl no3llau&He H& yxr.rrepoaJrua"m r$opn.q Ha

,IlunxapAr. llfulor u tllap$ (I.SS) m pa3rrpauJnarer$ c fiour.r H Ha npr4]rocfl'rc Ha 3lrrlep,
$rtpcax lr Jlu:wapx npn flpecM{raH* Ha cnNpalrnara unoco6nogr n npo6esme ga fiouu B

6or,'a6aplupaHu or rsx lvIHIueHX. flucepraursr ilpaeMa) qe upu l:ronno-scracrupano orfiaraHe
I-{{l Tt'HKiA CJIOEBe ',Xe l)C MAKCLTMAJ}H& fi.I'6THOUT llle Stlar 0Tfioxe]H]l, flKo cpe/l,Hara eHepi"Iltl
(upeA'ageua) ffa arou or BtnIIrHI.r{ crofi c A*$ennua crr l-2 KoHclr{HTr4 Ha pe$rgTKalri"..s or
mopq{$ffs FIa EI{TttEsqHoHr{El& eneprr's W na npoqtscu }tR npet"pyflfipar{e" {c'rp.l4,6om*
xup.n$'ra e ntoft). Tosu Kpt{Tepl{a sa ofiTHM[I3I{psHs Ha rl,ll}Trrocr"la Ha c.fioeBere He e
xlpoBeptBaH. Ilpnerrra 0e. qs nopqnsra np€.qarelra eHeprng Ha aroi!{ or clor cJte,(Ba 

^{,fl 
e no-

rotrI:lua o'r nparonara eHeprh{ ta oruecrBane ( npre;vaNa o6uwroneHo Karo 35 eV, s orAanar{r{
€ueprxs non 25 eV oe rrpeuprqar a ronnllla). !,onr;rg*r.relHo AorryoKame(crp,19) e, ,{e MlMi
5 2 r:,e, anToprtTe npe&#arsr b{oleJr, orlr&c.tul ce caMo ra 6nugmu nc) Maca aroNlrT s fionu.

flaIeH e Hriosrparl{Ben IIpI4Mep sa ftouuo-ac}Isrr.rparo arJrerane r{a rrn}lt erofi or BN,
floHexs 3& Hero e r{MaJxo IIpHMep B nT.rTepalypar4 KsA,eT0 ca c].{il{yJrRpaHH Kor"ru,sHTparlrTotrr.rH
,{r'r6clqn}rfln npotfmn lt ra"t$o.tunHu ltpotfu.rur Ha o}"Jroxrsnaral eueprutr aa 12 eneprnfr na
borrl6aplupaulrq agor Ia ? cto'rHclureunfl Ha {ro'tora }ra ycKopeHHre }r3orlrpr qacrnr.r,r, ri iloroKa
or HptcKoeHepruHHure HeytpaJllJ na B. Ha $ur.1"l u $w'.1.2 gbn6o.illuuure npo$r:rrr }ra a3o'r
cT'$naAaT npa ABaTa RoAXoAa }la noIIyqaBAHeTo I.IIV(. ,{s6elnrra:m }Ia 3c}Hr.rTe s K(rHTo HapacT6a
a3orl{or e u fiapasrBa orJroxeHa'ra eHeprr.rn (Ha orrvec'rnane) na aroil{ , orAaraHa
clt 6ohad a3ol'lrr4 ffonn npn 500 eV e 28 A a npu 128 eI/ e oxono 16A.

Rrop*r rJrarla s Hflnncarrra na 3l urp. B r{es ce .t(eN,roucrpi.{pa npo$ecuoHaJrrro
I{3non3Bar{e Hfr oHaJrLl3 HO cr"roer}ere o pfr.trreHoBa antbpaxqm n r; Pr,gr,prlrop;lono rispn:rno
pureefixtxe(RBs), Inauara sflnoqnft c lncneAl)&He Ha 3 ospalerla o'r YSaz(u:Oz+ / SlfiO:,
JIBa or xtol4ro ca orl"pfiBalrlr B KrIoJropoAHa cpe/.{a c r{flJl{ran"le 700 mbar, e4r.tHl$ltt or r(orrro 3&
e,qI{H tlt}c, a BTopI4"s*B npoAlnxgnue na 20 hrunyrrr" Tpvrnxr e orrp.fiBau 6es rur:.aopoll n He e
o3phxnpoBD'[tlqi nopalu Hsrcxoru cr1"6pxan]re Ha KFrc"ffopo4. Anropl"r r.ouoplt,qe rona ca
'llHltoBs o6parrqu, llo or r*Kcra He finqtr flo I*KIII$, qe re cfl nogeqe oT e.quH or pcsK?t rtr"tll,
Peqen:enr:nr He Hautspu r1 Jluc$prer{}rtrTa reMneparyparzr Ha orrprlnaue na odpasrtrure, Ko.{To e
c'ftIrlesrxeu llflpaMerbp. {JT gaunN or RBS cneKrpfr H upeqr"r3Ha peH"ffeuosa gn{iparnnr ca
IxO'IrBllpAtj1lli H3BeCTI{H oT xHrepaTypaT'e AaHfll{ 3s pOJtsTo }Ia Kl.rcll0lpo/lHoro C'bllbpffAHtte r.{ 3rr
BlIooKoTo Kaq$grno Ha noJlyueB&ne'ro Ha Kynpar.fllr cnplxnponollslr1t.r cJroeBe c 6alauczpaHa
IIC narHelpoHna cucreMa c of-axis Fa3nonolKeuae Ha nogroxcxflra" Aerop'ur rlr6efifl:lna, ve
ne e rlacn$AaBar r{SMeHer-rne Ha nb"rl'Harft rur{p}rH{Trl npu uonoBr.rHara Ha l\daKcr{NryMa
(FWHM) na XRD cnerrpu r"ra YBCO (002) unxore Ha orpa:r{enHe sa $roetB c pasnnquo
lCHc,TOpQl{HO CtJl'I'p)KA}IUe, HO ce q& OTMeCTBaHe l{BM IIO-MaJIKHTe bl'ntr (ct'OtnerltO
upecMerHarrz're Koncr&lrrr.r 3a c-nap cal1,67; 11.68 n ll.i'li A), Kosro e cBtp3auo c

)/Be$IirlaBalre Ha ll&paMeThpa c Ha (p]rcTanrflT?t peureTKa r,r c Eta-nffgl{e Ha BaKar{ltt(K l.ra
KllcnopoA. llpu ltrrr6oqllHel; npo$rur ua o6pasqnre c* sEr$noAatsa o(oJro Il0 nm ,4e6en
uu'rep$eficeil cnofi fia rpallur{aro H& cJxrt c [o.ry{oxffara, x0ilro He rrpr.lTex(Efna xerfl}rnre
cBpbxtlpor]o;({ua cnofrcraa. flopaAl.l Frapyrue}le crexr.roMerF,H.fl ?l crpyKrypa. 3a
I'I3C"IIOA c RBS B.qucepraussra.qo t"3,5.tr-crp. 129 (no-ror*Kpsnro BrB BTopa rnana)
rqs fiO*ottltM, rte ABTopbTHe flocoqsa r'.r-l.JI'bT sa xoft.'ro e pa3noJtolritgH AsTeKTOpa na 06paTno
ctrpa3eul;t'I'e xerreBu q{tcrnUu) Ifaxap, qe B n3rroJI3BaH*T& trporprrMa rofi ce e s:bBelrAa"tt
H6IBcfiK])ge.

Bropala alIaJIIaSHpaHe cryyxTypa BbB rlropa r.rlana e can/trEr.rq 0r Mar{ronar$l{
$iepouaruinreg cfiofi or l-ao.er$ro::MnOr H croJi, Aeden 40 nm or y.ElCO, pa3AeneH$ or mHTK
,tHexenplrqeH $u*nl or CeOr Hln SrTi(J;. Te*u cr:pyxrypia nMar n()rBHi{}4tuuHo npunoxsHae
B cnllHTpoHlJffa"ra, YBCO xounon€rlra e HaHeceil Bt,pxy nefA.fioxxa ot C'l'O, Karo cJreA



uaha0tHc B oxJ}&.qe$ 6tp:o (ne e yxiuaua reurrepflTypa'ra Hs HsfiEcsue na cno:'r). Ho6lm4ana
u* I'ffiMeHeHUilTo IIA KpHCTATAa'Ta peuJ$TKa n0 BpeMe Ii4 oTfp.sBfffi{s B K$rc/t0"poAHa cp$.fia s
II0MoTUTA HA pelflTerl0Blt SileIrlpl.:|, floflyqeFrli Ta KpdIXO SpSMe CT]C CI{l{XpOTp0tLHO USJl}Vhi}He.
llony.reua e. sopc,{r4r{a dr cnsKrpr} npn n&rrmue H& KncJlopoAa g00 nrbar H pa3iruq}il.r
lr0Mnepa.rypH ot 650oC .rir: cr:af,ua rs.Mnopfllrypa. Arroprr p&3t'porl.H{ara qerupn :}oHn }r .rpr4

t?lo!* IrpexoAa npl{ ompflBaue c prstm,lrr}r res4nepf,ryprz * crornerr..{o nprz 350oC; 3g5 oCl

550 "C; Karo e,t{H*ITtl gon& e H&peqBHa: ,)rartrT,Jrea}:Ie H& KptcrSopo;{Hute B0x&Hq}aFr qps3
I[Iitly:i'lx"; a s,(HI{u{ Qason npexoA: ,irlpeKoA Ra rsTparorranno-potrl$I4qrril peusr1s B
opropor,rbuuila cBplbxrpoBor,rt4a rpara u o6paruo'o; saft-Bl!fi)reoreMneparypn* s o,$a3ara ua
pa3rBope}{IdTe (arrn pasroilsnlare) $parunra*'. OEeaHIuo, nopajilt dm.rsxure aroMr{H Maclt fra
HTpt{{ lr crpoi{Ipls (no*nerm o:'Ba rs La} u no".}lextrre Cu, Mn. Ti,O cuex"rprrre RES ne ca
.(aJII'l BB3r'{oxHocr 3a Aeraiimro neyqaB&}le Ha clroxnuTe {:t'pyxTypu rHIr caHABr,.tqH, nosgrlsH[l
ilo-rope,

Tpelara rflana Ha Aucepter{lrrr& r{tt K. fpxrclpon 3arlorrr$ (.lqcrra e nanue*ua na J3
crp,J E I'I3cne.4BilHB Ha croers or &JIysflIr{HeB HrzrpraA, tronyqeu}I c {}alluoqecroruo p$tiKTHBHo
Mafr{erpoHHo 3}mnpamB{Fre B cpeAa or rrr:tcr a3or Fltr}f claec aso.r/apror.r (p=2-3 mTon).
Cnoesere ce orJlarar Bbpxy *IrJrlrqueBu lrogJloll<rcs. B grrou cJl)qas e u3rroJr.*l3&H Me)Krn5efi
cloft or ul'lcT a,lyllfuuufi, Teunepaq,par& r{s HaHfictrHe Hc cflo.fl e dnragra ;qo c1ofiHa
'reMmqparypa (fio-Torlno orrar{ruero ge pea.fiH3r.{pa npn S8DC rapaaa Earpr$E}iero r{a
orJlafaHu.fl s"[ofi H no.qlloxxara or rul&3Mala) ranu npu rs'ildnepar]pln B Aftauasos,a or l80oC ao
,+00 r'Ll, KoeTo ce oc'buecrnxta c utlrperarer. Brs ocliru(Il cny'o*ro uoJlyrrsBaurfi"e sJToeHe r:a
cLlJtHo r:eKc'ryplJp&HHr KosTo JII{qH or XRD cnerrrprT e, Kolonut*lc. crpyKrypr} e H&KfioHeHa Hd
55 0 Koe'fo e B c'bo"fnsrcrBl.re c uaxroflfl l:a rroroKa pa5flpaureu aRy*rzHl.rfi ,o1. rirr[fireua.r.a.
EscoqsHara Ha KorloHHTe * 150-180 nm, J.lo6asxnero sa Ar E r'asonara ch,reg rrotsLllpaBa
oblltpxaHlrgfo Ha AIN n cl:ox (nauan.rnailtn BKrToqeHlr.{t Al), nprl roBa, npr.r rer\dxrtspsryprd
tlt 300 o(l, Aoxaro np$ p&3flpnffisaxe B qlrcr asor roBtt Nro)Ke .qa cc' oqatBa upu Tehrrrep$lypu
Ha I'I3pecrBaHe HaN 400 0C. Crofiuoc'n'tr Ha rBl,p,u,oc'rm Bra cJroerere cna$o oe FJtrrffe or rrrxrr{ara
op${el{Taql{.f,, [Io rsMllBparyprrro H Bl{lIbT ua paboruH"a rm or(a3r}ar cHJlHo B.rrHsHI{e Bbpxy
lllFlr:p.&tlQTTa. lTonlpxuoc"l"Ta Ha cJI$eBe'Is e ,uo6pe ynltrueHa tr rJrallKa. Kosro fiurtr.r or
IroJryqel-rr{re u* o 6paxr n u s c a.r.oMH o *cHJIo B M }.{Kpo cKo n,

Btopa uacr (cnegnaufi{Te 30 c'rp.) Ha rpera rlls$a H& ,n,Hcepr&rlr4sr.a Ha rro.rl,Jr-p
I{,f puropon e lTocaet$B* $a lz3r{aBane eqn&Hsro npu fioHHa fonaSapaupouna (:nrx ilflasMego
errqeficrxue) ne auop$'nu npoB{)Afisur Au$MaHTo-uogocnn r]:bmrep0AHJ.l crroeBo $r H{r
l(pl'jcrflnun Ane:teKrpt{t{Ttlt croeae or anyMr{}mets Hr.rlptrg, Peqeu3e;u.rlr ryx 6tr cu no3uoJigJr
JIa KoMeHTlipa LBIrofiSIJ&I{ero fia repMr,rlra (na 6r,nrapexw) xotrtosaw Bmecro {r,t.t3n.recx6 u:rx
II,{a3Me}Io (,qopff xlit[{1tt1*oKoi &Ko I{$ ge Imno"rt.:]Bs tlprour t[ peiaKTHBeH ras) ct16ofte u,.M
eBeHTyaJIIto epffiLtn. (Tepvrr.rnffr Kopo3l{s ilpoFr3xo}r{Jlu or rarr.{Ftcfialiil llyMtl <<con'odere>} Kor{:lo
ntaf,-qec'ro ee cn$f$Bei c l\4Hol"oc:rsneflIlo pagn?Kreup u n 6r,nrapcx.Ha e3HK ce ilsncu$sa Hafr-
qec.To ga pa3sxAaHe or MopcKlr LlfiH noAnoysena BoAa HrlI rxa)Ke or BJrara. Irl:no;rcnaHsro FIa
repndu.Hlt ((Ropo3l'I"sll 3a rr.rrana ufl cry 125 o'r Aunspraur! e npauuJtlro), TnicpAsgusro Fra
aBTOpil, rte R0HcTpy}.rpasr$Tlr rmopaspr.uHa clicTeMa c reyx Kax'oA I.t B,!HuIHO M)t^t,HlrTHo trDJle
crI'IMyJI fror'rui: FI IIJ)a3Mer{o eugafie B r:rouac0ell&T& r.{3r{cfiua
CHel'u r{e gr.Iseupro c .rosr.r npu6op, nrcJrrorruTe$r}ro H Te3r{ sa
noAi:SHn cJloeue LIA{ar Kasecrneu xapaxrep, nops,qu Heno3Hanar+e H& xapsfiTepr,rcrunr4Te Ha
6ou6aprylpa[Frre lloroul.I 01 3ape/{e}ru qarcrp{uu rrpu p{$Ju.{rlHr.{Te erccneprue}rr€urlrl{ ycxonlTrr,
Ocnsn pe3)iJrrfiru 3a iloeeAenJ.rsro na cnoere B Kofic'lpyuplrnur{ ol i}B.ropa npuOop cr,c s.rylleH
Faro& B rsKcra I{a AucepTaRuxra ca npnBe,(ell}:t AFM il*o6pa.x(errr4rrl Htr ue-Tpsl]tp&Ho'ra H Ha
eqBaffara noB1pxlloaT I'Ia cJl0eBe're. [1,raS]ceHOTo eqBU]Is r cnequr[uqnuTe ycJroBr.rr Ha
rrpl.r6opa BoAsr .(o ner-rnaAKa H$sbp,{Kocr u pacre)r( rra 3r;puarft Ha ApraJdsHto-uoAd6nng
E.llJrepoAclt rltroit, Pauauona cnett:fpocronufl usl(&3Ba naAo6Frefltre Ha r]TpyxrypHara

3-



e"qEop0Al{ocT lt& TpeT}rpaHHTe cJroeBe qpe3 yReni.ltlar}aHe Hil opraflr.!31{pitHr4'fg B npbllTe}r/ spz

Bp63KH (D ner.rupulaqHoueu uog) u r{aMaJrsts&He r{a cnaSo cnr'piauuTe tr xaoTfiqnl,r
BtorrepoAr{r{ BepHlH (G rrto4oae),

B tpo.{tnxeuue ua a3clrsABauusra n naii-unoro L[]trrzpa*ma pa6o'rfl or floqotlenpTe
KaIo oTpa3eHfi $ I{$cepral{iloHfi{dt Tpya (noco'rcu* raT(}[l7_) B Jlr4ci]praUr.{ffia r{ noA nour*p 5 n
{}IIFICLKa H.{ Te3fi pn6ota), Karo po3flpauiBar{ero ua Al r:H.rlerrfl cr'*isa BMBcTo oitrvro I a3o'r] r]
a.iuec or (Ar+Nz) B c6ornorne:*re 75:25 % (lruru c,boras?r{o (lrl/Ar)*t), fiosro n.ogr.ruritBs
'fBTrpIIocTT& I{a cilo*BeTe (n cpanueuHe c HaHflrctEeTo B epeAA H& ttq{t:r asot)- Pa"If,uoueeror.marn
lrtoil{ltocT'! IxoRaBaHa H0" MtIffeH&Ta s 300 W, a teunepilTypflIE r{a llo,qro)Kft:ara e 250 oC.

M*urepeunte. crbnuq& H$ noahpxuocrra lra croens o"t Alto\, "rperr{paur{ c ruIalJvreha c'rpys B

lpn6opa c Kyx.KaroA, fl"oK&BaH ua $ur:.3.19 ca * H{r{o.nno fl'lnil Ro-MafiKfl.[r,r6o*rr4$a, s
cpaB$9HI{o s Ha6Jtro,qaB;in}tre Ha llonitpxnocTra }tn Tperli'peula Afi&Mlru{To-no,{o6nn
ll'hl'"IlspculHlt croeBe B To3n npn6op, Ho Ha rllanr4usra MexJty rpe.r[ipaflaT& ]t H{:*Tpcrnpauara
:lcllla K. lpuropou e nad;uaAanflJr r(parepr.r" Tetg occrbenocrtr ca ot5qenelru c n3o:rnuuoHHoro
noBeilellHe (rapex4aur' Htl IloBbpxHocrr& r{ eJreK'rpr4arecrn npo6u.nu B ToqKonure 4er}:erru n
clor AlN, xoitto e unpoKoSolletl nollynponoAHl{K e urfipr{Ha ua wrfipaHenffra:ror{s 6,? eV} n
Ha cereKtuBu.oro pasuparrrBal{e, ocodeilo nKTFrBr{o a o$"uncrro ua npo6una. IJpegcrareuo e
cbruo EDX &nuat tIA nerperl4paHara fioBrpxr{ocr sa AlN u sa od.nacrra c Kptlrep, tto-]-ryrys11
clteA lii:nrio eupams) [oRa3B{lI{ o6errlrrsaHe rra eqBar{}irc Kporepn {i &io'l' w trctra&rra Si currzur
(roero aeporltuo e B 3H6\qI4reJrHo tlo*roJrJ{M pasNrep or oueuen&a, r.rfi naro Jlf)X ce npatrlr c
eJleKfpoHeH ci{oll c i}Htlri}iTeJrHo llo*roJl"tl,rvro H&Irpeqno cgq€iHHe OT cer.IeH$eTo u&
snblruA&nauli"re Kperepn n cuoa), B l&rnrrseuwe"o na ra3n qacr or: 3 mar& (ue na utclol) ce
c'lodqaaa K 3a caallffN'{ DI"CI/AIN/Si uaHec€}r rsbpx}' cilJmq*ena iloluro}KKtrs ta Kofi:ro e
uoJlyqeHs Hll*Ka cKopocT B{r fusaHe H eBTotr}hT ro npenoprr{Ba 3o 3arqfi'fl{(} rloKplilrr4s n
KOOMNT{€CR0'I0 IvtaIIndHOCTpOSHe,

rlocleguam-Tpera r{asr or rpela rnasa ua A*{usprarinnra (laeuar(a 28 rrp. or re.Kc.r&
n) e n0cnereHa lra l10tryr{&88.H.$ r,r xapit}ffeprcHpaHe ria Thr{KJ4 cfloeBe or Tioa, KaKfO r.r Her
'::bHKr{ cnoeBe <lT Tio2, $l;Jlspxarqu Rrp&AeH}i asorHH A.TOMr.r. I4SCreInaHr.rTe cJroeBe ca
IIAIIeCeHI{ E%pXy cHJllIllueBI{ LI KBapUOFI{ nO,u.IIO?t{KH. rjp$ pAIII4[O*{eCT0TIIO ?vtArHeTpOHHo
pasnpelllBane n* gofpe lloqllorer{H c pa3pt.q MlltrleHu or rr.{'ran, Frpn reMrreparypa 400oC,
rJt'pxy cllruuH.eBfi l-l Kilapuotsfi rIoAJloxKH. EUuUanugr0 I Hilcor{,8l{o KtM pa3rfilrpst]aue Ha
OnTI'ltecKOT0 nponycliaHe HA Te3FI CJlosBe Kt)M IICr'lraCKlT *HepI"HI.{} KOST() e Ba)I(HC} 3a
IlpllJlox*st{eto [th,l nr,n t]o'r0xaraJil.r3a'ra r{ cJ}LnqoB}ITe rriit{eJrr:,t, n r}"bulo xr.g1po,lpc6xocrTa Ha
TIOIIT,PXHOC'|Ia I-IM IIp14 ItpyrII npI.rJIO}KeHTltlt BKlIIOqFlTetlHO d:AI.l0ilOt{1.1CTB&tUHt Ce Ofi1'HTIHH
rIoBlpKHC)cln. He HH e c&o6nleu trt3rorlH$rb1'ila n3pa3lr 3.a: 3,5 14 "].6 3a KoHTaH'fHi.{r1 6r-b.rr Ha

'\4oKpBHe 
H 3rl eHspfl4Ftre ua a.rlxe3llg, lllcepTaumr npenlz taKJrloqfr{Ke (turruluocT Ta3H rlacT

lla rpera rJr&Ba e 6eg :axJuoqenire). r{o B teKcra HMa lroAx{epra"rill r}palu c xapaKrep Ha
3al(Jltotlel{Fle, qts EKJIIOqeHI.Ifi',I'g A3OT B TbLIKI{Te CJIOeB9 pA3firl.tpJilBAlr ilponycKalrHj{ AIt&rIaSoH OT
e,.nextpouarHl{T}I}Is clrsKT:Irp a ;tuApotbobuocr::a R,q lIOB-bpKsOc'm|i ga cnodBeTs, Koe'ro
(.34$4Ho c sa0-snex(}rTeJlfr6$a '{'E:rrpy'locr, cffJtH{ agxfl}}rs Kbrvt)) nollno}KKare (n retc'ra-
<rcy6uipata>) {("qara Heocflopr.rMfl rrpeg}d}vrcrB{1 Ha Te3r.r noKpr.{r!t{,,.)}. Onr:zqecroro
rpollyc.x{\n9**{a cfloene Tior"N* , Haf(eceflFi BT)pxy r(]]apqotsr{ roAfioxKR! e u3creJlBaHo B

AnanatoHa 380'1000 nm. t{yctltrs TiOz xair-lo$pe ilpofly*(ar flaAsu,uoro cBsrnr{uuo msenue
F Uenl{t I{3creAIraH fiIlautl3orlr tanoqeafircN o'r 65Yu npN 380 nm n 6'n'peo HapacrBarlix5 llr) oKoJro
E5% nplr 500 nr:r, c.jleA Koero diinso nr.rnefifiu r{apacrrNe "(o oKoJro 100% n nHspauepneniex
AI'Iena3oI{. L'reiene 0'r'TiOro c'r},{!p1\(an{{l asor HMar no cplJr}Io uor]Il;u{t}H€ i{a npeM}rilaBalqara
gBerJrllua, tlapecrBatuo /{o egzllr Matcl.{tvlyNr n cfiaAarqo cne{ ToB&, Mancuuyrtltir] Ha Kpllpara
Ha ltporrycKase 3a cJIoeBe TiOz c'FllbFlKartu 55Y,r,62yo u l0% a3oT e caorBerHo 38rh,3.6Y0 v
59n/o u uo3l.t{ll$ra lvty ce np$Mtlctna or 449 nm A,o 539 nm c Hap,t$TBaHe c6Ar,px(aur.rero rxa
ffior) B.l"paAelt B e.ilotr. Toea leNc'rnutg.ril{o AeMoHc'lpfipa r.isBecrr{o oTecfisnnHe rrl}lpr4Hara H&



SadpnHeHara l}oHttr) Ho ilojl3B;lHs.lo Ha cJjoeBe o.[ rlrTa]to$ lu,toKcr.rA c BrpaAs.r{ B Trx a3or,
fioryqeH no'IexHo-trortef,Ta, I*noirsB&]r& or earopq B npwno]r{tsHprs Ksrfo $oro-nammSamp w}i
()JrerdeHT B crlHrreBH HJleTKn Ce HyxAee oT olt(e I.tScJIeABaHr.{s,

3. O6run xspar{Tepr{crgxa K$ ilayquog}&[plloxaTe;rcnsr{ Aefiuoer Ha l srrAr{.qsra

'IIot{. l? fpuropon pnsoru I)IttBHo B'bpxy xapanTsp}r3lnpafle Ha cr"pyxryp&Ta r.I

uop{ronoru.*T0 [Ia irrTyiull"lt4 tA h{Horo up}rJlo)rceHlit r:r)HI(]4 cJro$Be! a no ivtarKo BbpKy
MeToEI4Te 3a HaJ{&c.{HeTo IrMi Ma}cap, qe e 3a[o3tsaT c T.sX I{ Ca]\.I e gta6otrrl Bbpl(y oTJrArAHrz're
II ',rpeTa rJlaBa 'rbHKr.r {JJIOe8e. m s AneTe o6lac.ru ,r'ofi u:nnn:tsa cTAI{AApr:til.r Msr|)r.H
(Hayxoerwxlt" Ho ll3tsecrHra). Ilpednn&tsaHglo rly B qyr*(Ar.r yHlJBspoHTtsTr{ u HHcrr{TyrH ro e
o6oraruno c oilr{r no HaFJIr4:l0He B cho'r'Be.rHHTe cJtoxDr{ Hay{{Hii .I.BrvrarHl{H, rrpeJrcraBxl{e ua
fl0ryqeflEre pe3yJlTeru B cr&TI{H n pe$epupalut H&yqHH o.fir.rc6ut*rri fi onurbr iuy n Spa*nxgr u
I{bM Mero,rnd ;ta odyvenue,

C uontonlr* ua RBS {tH{uIH3i penTrenoBa gn$pax.qun Fpra HopMaJrBo }rJr}r ,rtrJrbSran(o'-
c,e fla1{flfie fla psutreHosl4ll JIsu! flroMHo-cfijloBa hrl4Kpoc.KoJilirqr }r3M€'pBa}re .Ha aficop6qt{fra HA
GSBTJII{HA I'I I{3M$pBOII€ Trr"}:JI{t wa A'lOKpeHe HA FOJTJIpHA u HenoJ:tfJuaT$qHOcT IIA IroB}pXFIoc"{"ra
Ila afioeBc'Ie, KaKTo N nocrasnftKil rl'r n ycJrGB,.Is E& rtrrl&3l,{eno sqneus ldoil, /T-trr K. fpuropon
uoflyqasa H0BI'{ Aer{xg ta norn"sp)KAana HsBecriln raKHFa (:a crpymypo?A 14 rvropqpolr:rur{.ra Ha
ncg6paHu o'r' Hero cloene). B Hsrolxo cryr{ar toft HonmpyHprl BtgJrnr HN:o6;16gprMjl 3a
z[3cJIeABaHMtr& ofi H ytiac'rBa I paspa6oreoHs $& {:n::lt'lecrn AdoAer l{r yil.n,L'l'Hnnilg$ Hlr cJrueper
rrlal{ilcJlHH c tlltlntlxecro rt$pno o'ulaf&He npu Hr.{gKn reMflsp'rr.fypu lla Do14oxKar& Ho :]rrroBa
c fiolttro acllcrllpaue"
4. oesn_n''r Hayrr*n H Huyrr*D-np'r oxn' rrp[rfi o*{ b .qilcepraq.r4rffT.a

Ilo*ua:xgute H&y'qnll I.t H&ytruonpftJroxffrn npurroslt Ha .r{*p fprzropo'o r\lof&T .rla ce
(ropmylupar .rar<a:

' Arropt'r yqacrBa n paspadorK&ra rra uon (ru.snuecKl,r Mor{er 3a yTrJrr,rufipa:fie Ha rbHKH
ctlosBe. noryrraBaH4 IIpH I{acKI{ Teh,rneparyprr Ha rJo/.IJro)IGara tper r}rusll.'-lecno lrapHo
orJla-l'aH8, npl'rApyxeuo oT r:ionuo ecucrupaHe. Vnnlrgnsauero ce pffifJrexAs fiaro peiyJl"rar
fia upefpynnpaneTo(npen&pexslafielo) na fiilpaxAalrlure cjros a"r'Dfvuz. Ilpu o:ruouiefiHe r{i.i
hltflo{lra }Ia aroMHTe I'I& r'IXIlletr{IT{ K}h{ h{acaTa u& nafiaunre iip:,ilr pa^B&o trJrt{ no-Marr<o ot 2 u
npu eJrepfuH na frosrre Ao on0?rto H€i{oJtKocrorun eV,4ur6oqnHa.ra ffa rloBbpx}rosrnlrl cloft,
n rofrro cTaBa IlpeFa3tTpeAeJIsIlHe l.ra arol.Irzre z ynr'rrrmflBa;{s fia cJlof ce p&Br.r{$a ua *po6sra
Ha HHeAptBtlHll"re Oox6apAllpauTu lronw (Heytpanusrpenri npm Ao(l,rnrar{e nonrpxnocma), a
rlOHexD reilil npo6e3H cft $SBgcrula up$smnnrelHo upH o'rc'l,crrue H& Koilrrlro.rbpl{a
caMyj]amf, aBTopHTe [TpS:InAIrtT 

"a3LI 
AK'rl4BH& 3DIl{l AA Oe flpleMs Atl6crra 1 go 1,5

KLIIIQTOHflI Ha KpIICTaJIITIATA pglIJeTKa flA K3fpilx(AAHI{r cnOii. TOI'nBa CyMaTA OT ,.qperr6Te
:ary6u Eil sneprufl, npe;I\aBenu rpr.r Bcerclr y"q&p, Kotrro ca no-l-oJ]eMH or $ileprnrra na
orMqcr8are Ha BH$ll,pPIl R turerq{y&Toh{}rcrTo npi}crpal.Icrsc} na lI3rpaxq{aus.ra r(pHctery}{a
crpyKTypa Ha Brori vtrrr H& 3B[,lecrBar{ aror.{ l3ir,B Bl'srllrre l.ra ra3.*1 'Fremerl(a (npuenaana 

"rec,roraro 25 eV, rcoeto e fioptultlml'H& non'hpxnocrrrara eilepfu"a H& c]3rp3BaHs), pa:npege.rrsira
Ha BqErrKH qACTLIL{HTe B Tflj^}}.l arcrHBtia 3oHa cJIeABa .{a s oT noprJlt\.bKa Ha eHeptfirTa ila
or perpyll.rpane) na a'rctnrre! 3a 4a ce Jlolyrtr{ ontuMiulHo ylurruen c;rofi,
o t H3y\teua Kpnor&($6lra g"pyKrypir, clc?f:s"b:rrz uprlr$ralulre Hs pii3rrlleggJrer{He Ha
eJTeMeHTHTe 3a cFp.bxnpoBoAglqlr cfloerO or YBa:CulO7-x , r{A}recenr.l B1,pxy noI{Jro}KKA OT
SrTiol llo MeloAa H&^ <of-axis.r> Galaucirpaua DC r\rar:Frerpor-tlrri crlcreMn. Cloeser:u ca
a:]cJIeABaHHi c?'le.q oTrpts&He B flpOflGllxeH}{e Ra 20 min u na I qas rl cpega Ha Krlc.nopo.i{ npu
uuuxraueT00 n:bar lr o'ri"psrlaHe 6e: Klrq.nopor (r.e. o ro:rl cxyqpgl ero.fiT rrs *
cnplxnpono4lq). Ila6nx:Itaeanlt ca nH'tepfteftcHH soHlr c Alicronaqr.ig ,a Hapyurega.
cTeXI':OMelTI'Is FIa n$B1,pXIrlOcTTfl llfl cJIo{ }.{ HA I'paI{fiqa'm C;rofi-il0gJr0}r(Ka, AeSSJTH CIOTBSTT{O
?0 nrn(nogc6no HagpyrN artopn} r.t l5 nm, Yc'railoaeHo B Brlsoro K&r{ecrgo lla fipllcr&rrt,trirro.r,
I'l r{e B unrup$eficuar& 3oH0 Ho clTo.g c Eo}UIo}rtK&Tft r,Ma npegtrMno iiapnenu H }yt$Ina oKcr.IAr{,



llpexo4t'l or rerparor(rLqua $asa u rerpaponn$ltuua(xo:r"ro e meo$xoAptlvlo yclloBl'{e 3a

BrlcoKorsNrneparypes cnpbxnposog"firu YBCO) s onpeJrcxeil ilo notltttrll{Ts }Is XRD nur 20
(005) npn orrpflBax$ B KlJcnopoAua cpsga upur 375oC H Hflrlxrane Ha Krlc,uopoll g)00 mbar,(a no

aMnJr!{ry,qara HEr nsK (001) ro:u rrpex$.r( e Hadrru.{areil np{r 350"il }lpz sbxluT€ yclonuu ).
, l1oly.1s11g ca qlrsta nlrcors-Kprtcr&rrnrrau r"bHKK croens tl'r AIN n c9 HsaJIe,I$41{H

KptrcTtu{HaTa e'rpyK:rypa! , xuiuuqe0Kux crcTa3: uoptpo.loru*aTil I{ TI}TrpAocTta B ilaB$cHlv{ocT oT

pa6ornara r:N{e* or Spfo}I l.r s3or r{ pa3rrl4trnli reMilepsTypld ntt ffoJ0loxxara nptt tpuncHpanu

pawioqecTfyH{rt MCJUi$ocT, $o,qaBffIa Ha b,I}rll]efigTa 3& oc'hu{e(:"fBr{hal{e Ha a{ArHeTpQlllto

ptislrparunaue3 rlaJrr{llne ann orct}grnue na 6y$speu cru*. Ycr'&lloneno e, qe yqaerue"ro aa Ar
n pa6orlr*r'a cMeo oKa3Ba gl$asr.rTerno BJr.K.,r$!{e nt-pxy }t:p{rc"tnaxc IIa BlrsoKo*Tel{crypnpaHu

on0eBe or AlN, flonr,pxnocrta Ha oroeroro e I-JIaAKA r'r.4o6pe yuntT uena'llpli reMliepflryplt
Ha uo.rrJroxrera oxoJro H r{aJI 3000C n pa6o'rua cvec Nz*Av s eaQT[Ioruease 50:50
c'bAupxaH!{sro H& AIN Aoeruraao 100%. lfunrepenrre erois$ocrN KATBspAocrra Ha croeBere
cla6o .:agucx o'r'oprrenTat{}rfl'ta Ha Kpltcra;rllT]ITe B Tfx, Ho euJIHo 3aBI.I cu o'r pa,6o'r'am ras,
.Korrcrpyl.lpax e npr6op c Kyx KaroA) [IamI{TIro HoJrc H aI{TT4KaToA 3& I{3I]IarBaHe IItr

fl0ryr{ag&$H cJroere !{ gp6tB}{eg}rero [lM B ycJroBHera Ha iloHtto-rr.nsgMel{o etl,BttFie.

"3a ctpyrcyp& THn car'rABr4r.{ or Alr&}faH'ro-noAo6eH B,,ri}epo;tl B}pKy cL\J}HL\HeB HId'IpHg e

uoryqena xtncna croirsocr na nJrasMeHo eus{tHe(1,9 nmirnin) n rp*r6opa 0 Kyx Kilr$A l}al{eceuld

B6pxy cr{tl}rul4eBa r}otr;.noxra, Toua npaxu rag}r crFJyl(xypa HHTepsctta 3a lltoleilBsH$ Karo

3Arr$,('rHo n OKpr4TrIs.
.M:]cfleflBaH e c'scr{rsa rla'I*ilI{I(}r cJIocBe oT TiOr nr TiOz-xN* * pa:,J}HqHa KonttellTpaqss ,t3o'I'"

or'Jro)fiertlt upe: RF' Marnerponlro pat$pamn&He Btpxy curliflfle$u u.ur'I KBnpr$Jfiil no.IuloxKll.

Orat.ss ce, rrs re ca c.Mes o'r TiOz n TiN . Kourarrufisr b.rbr Ha M0KpeHe Ha cr,,&l'p)fiaruH a:lo"r

cJloeBe e rl0*r()jrrrh4 Or To3H Ha qItcTI4q TiOz. nogfo cT)(),rBeTeTg{t Hfl rT(}-il{aJll{e gHepil'ls na

&J{x€sr.u H uoBbpxfiocmra e$lepfus Ha ct'Abp)K{rrq$'t a3or cno*, YcT anoncHo e, q$ srpultA&rlero
EA trgoT R cJlossere TiOz nauaayFa urltphfla'fa ua saopaueHaira 3oHS or 2,']6 c,V ,Uo 2.30 eV,

Ko*ro yBeJrHr{aBA Jlenrara rtfl npouyq:R&ge cvr 449 nm no539 nm.

floco'iewHre npr{Hoc}t ca fi I.t t{Ho .{e JI o Na I{sHI{HXara.

3a$ensealrure or(oJro 100 urlr:tparulr{) ciloMelttrf;}.i no*rOpe, ca Aoc'farlrdl*o KorldqecrBo}

c,burailHo H:IrcKntlnrrgrfl 3& rrayqHoro 3tsauue )rl{orlop na r}n:inuecmln're HayKH'" B lvII'IoFt)

l{ayIfl LI 0pilar{I*auH tt.
6, 3uaqumo(T Ha nprlxocul'e }a nayrflTa q [paKTuxsl'il

Hay.ulure pe3yJrraTpr. Krx{'ro A-p I{. fplrropon ilpeAcras{ B AI{cepraqLIJIta gH ca nJlo/I

Ha HeroBo'r0 c!'lpyru{nqecTB0 c pa3nI.{qI{H [IayqHI{ rpyfiI.l, }I3u,0,II3Blll]lH 0JI()}I{HA ft CKbTIA

T0XIILIK6L D fOJIAMEyrA Afl qBcT OTCI'CT3*IIIA B IIflIII&Te I{SCJXBAOBA'I€I}CKH I4HCT}fI'yTId.

I,1:c.[eAuauq.re c$oeBe ce floryqaBar Hitr4 reior&T .qa ce nc]"ilyqett y H&c] tio n%JlHorcl ]Iill

xaprir,epuu{pa$s ryfi e BerpyArleJ{o. S pa6o'n*Te cfl ouflGaulc HNKo}t uo,tlprr6nocru tra

MOl1epHII're MQTG.IH I{ t$K}iHKATa I'IA H3CJIOABAH0 Hft T'I'HI{I{ c]IOeBe' KO"flTo e IIoJIe3Ha .L 3tl

padotprUrTt r odtaelra ua rr,nrocnoftul{Te crpyftI'ypn Ft noR?}tT;{fl LI Karo qasr o'r

$arpy1rBauwfl cera onHT uo i{a$orexHoJioru}r, Fes nognar&{e a K3'norssaHe Ha Mero,tII4Te fia

no.u).rreB#* n Aerafinno HScxeABsnE Ha 'r:bHr$.ocJt$fiHH crpytff)rpu Halutua cTpana re 6u

I{aITperXBfiJrA B mr}la}KAaHe Hi($uOMUKa fI& 3Ha'I{HeTO.

7. Kpxrnvnn deaexrex u rtpenop$Kil
He e scllo anporsnMrlumfir:e ua crp.l0 3& cpeA,IIK're npodesn n cpeJ{Hera ,Er,nfio'tzna na

orjrr))KeHara eflsprHs H 3a JlllcRepcufrte n'v orK"sJIs cA Bge'Ifi.

3a clxzureune-H'{ida AocrartqeH Rotuiel{Tep H& noJIytIgnHTe I(oI{u{}FITaItrHoI{HH a

eneprufiua npo$luu, noKa3&rrlt ua $nr. 1,1 Ao $lit."l.4,3armooteulleroi tft] e HaMepeHa

IlI$plIHATa I{a aKTI{BHATA:}OHa B KoflTo }ilvfa \4toTo npsFaSnpeAeJle}n}1e llA [rTOI\l]aTe y rX e I 
"(O

1.5 KoncraFrrld Ha 0TrorBerHara KpHcranna pe[Ier(a He s f,c]Io apr;pteltrttpalla'l



B uureparypara KirM rIT'pBa n:I&nfl noA HoMep 7 s qnrupaua caMo ry6luraqlaa,la j r*
c'erana flescrlia poill{'ru ua uy6naxattnu ? u 4 o'L cnuc'rx& Ha oTpa3eHHTe $ Iqceprar-(}4fiTa
pa6orn. Tyn (n Jllrr*patYparff. K'bi\l rn.l) noA Hol{ep 11115 n 17 e nnr*';atla e,urra.n cbrra
naouorpa$un,

Blr::pa:a(1'l)ltn(x)6ncle4nanogtrcege{iuru4pllKa'r$ ruhtntocmHesepa.flmnotftruct
ottLtto?crqe NCt s]tepzutr l!2 t)Vt$lYuaa BMecro Helrb.rrJ{01.o ,ipajrrp*llgJteHge H& sepoflTllocrra IIo
ol.iloxeHare e$Iepru{". B sHzuvegate.bl He ltcuara rr&cT BMec,ro vt.st oqgtsrlf,IHo e uo*KopeKfito
Aa e vi.si" o60 raeTo c e(x) Ha pa3npeJleJre 0nr0x(erua.r'a ei:reprr.IJr r irfl"
flev/atonr] ($u 1 .I u 1.3 u $ur, tr.3.) , naro 3$aqpHne n'nBflaAa c or ,ro

:a 6erpa:uepHora snspruJl Iro reopft{Ta sa L$S, 3arpyAuflaa rrereugno H& racx qac.r or 1 uaua.
()dosuaqeurltra Ha roerlnrpentrzre HE 3&xnar st !s2ss.ri ) sxz na crp" i4 u nre $opnr1,na l.l HqM$T
nnu{o o6ruo c Sn unri ss Ha crp 17/1& n urs Soprvry.rru },4, 1.6, 1,?, 1.1i 

" 
t.tr, r{apeqe}rq

nsnpaBB"rlHo na 5u:rrapcrli p€Ayqltpaun {Apeno I{ efierTpour{o cfl-Ieurre Ha r:w.snr BMecro
s,{pe}In I{ er'r*KrpoHHn zrm gqp,E::t$qil.parySrr..

Xy6aso 6 a Suno na ce ulirlipo H3ToqHHKa ua tl:nr,2,3 r{ rs r{a ce crioMene no npcur4:no
BTopa fJmna Karo lll.l e a caMo pa6ora i o.r

FrropoB) o.rpa$eHrl B .rlr.{cepr l{axno e Mfr:Toro H?r

Ha c'r'p.7 I B&{ecro npsnIlJlo Ha Bpel e r{rJrTncar{o np&nuJro na 5pm. Ha crp,78 Hi:Torrgo
I.r HerTpaal.tJlno e Hail]rcar.ro: <Axo npnenleM3 r{e paboruzx ra3 ce c:ftcron or Ar* u N2 otvret3,
tYlot{H, npon3Jrllgarrlu or nJInBMara . ".." : >. }la p e rclra pa:.:JrrzKara MelnJty $ur.3,Ba
n tbur.3.86 r.1 KaK or tlxr.3"85 f,lana -scHo, rle rrorromnroJrno 3ape{$fl i js-ro v,
Tnr'p4euuero 3a otpuqaleJn{H;tprouonlr lionra(crp,79) n n"rra:vara 9 qrpegHo. Ka,Kso ollHarm3a
!,, .,34l{o'ro BT,H}JrH&Ta o6$kaHa I'{a nfi&3MeHo'ro TJIJIo ocraBa IIp$ApIM$o n0JIo)I(HTe.ilH(r. .. 

o' ? He
I flcHa Ll oqeljKa'ra Ha lloroKa 3apsAelru qac'II.{L(}t n'u o6pa::er.1a-crp,80, KoL{To r(oMfleHogpa'r
efleKTpt{qgeKoro flojls nit I claH'tl.tM€Tbp o'r o6pa:eqa, Hl,To 3a$JrroqeHasro B rrocJreruo.lr]
ll3FgtIeilu$ ua a6eaqa ,.floBtueto or pa3npafirharrl{Te KoMtro.l]eHTFl i]T M11rrregafa c.a
cnepreTu r{fi a r[}soBr{ HeyTpsfi tx t{ TepMilJr].l }r vacTuIlFI*,

Brn a a ri;ltna r"l c:rp.32 o.} asrol o{iglonpnerara
Rbpenua'ryp S t: npeBg To ,,h{I{Kpo-h{auu fi($na., Brvrsc.ro
,?lvllzKpo*eJlgKTpotuIexaJ{Iiutttl ycrpoficrBao', ItaKTD ?oua e ga 113 ctp.. Yno.rpedeuy ca ABe
o6o:tlaqelrus 3a $anpexeHHero IrIe parprAa Vs (ua cxs.rrrara rra dlr.tr.3.19) *l L]-(ira $ur.3.?0 ,
{:ur'3'?2 , tfnr,3.23 .$nr.3.24 H rfiur.3.25); lp}r orlrcanne xa npn6,Dpa Ha tpzr.:r.tg 

"* 
no*uu

)1" ', LilIS rTpr-{rarfltvle orpnuareJll{a noJlflplz3arui.s Bcpxy eKoAa. , .,u Koe.ro c)3Hnq&Bat ,{e 3a 
ooaHog,'

B ro3r.t clyrraH cJryKa"r SiBeMeI-InTe eJretvleHrr.l ua npx6opa, Mellqly I(orITo L Ky):un KrITo/t ce
niu{tt pa3p",IA- B ra,sa*apronl a Blrscro arloI{ rJ rr: go6pe ro3}t orpl;uare,{sg ea€K:qlpr{ A& ce
IIapMrJa antnaxamod; tta up.99 riN{a Ane lzspertelrllg, Kolrro npaBJruirtar Fr.Ir{M&H.ns: 

",ll:psAl.rtpaxr:a, qe ABara eJlerrpo/.{t1 ea ilo.t"5rpl-trr{parrFr orp}r[areJrr{o., .speuynoJio}fiar4 c}iJr}ry ous0H're lia rpollcnopr FIa , .. tlynxu, paduxaru u HeyffipaJru. HnexrpoNnre ceo {iilro.qa, c(}uBdrn c€ or r$nrr.r{.{TnctTo no.rle,,,,"(Kypcrrrrr;.r e :raofi): [r TcKcTa K],r\.t
Snr'3'23 (crp.l02] ce roBopLI 3a 3anprclrMocr or MorruocTl'a Ha nrra3Marar .(oKal.o a6cqnca.ra
na $r2r,3.23 s Hanpr:xcnr{ero H& HsToru.}}iKa; B Hs^lrHca no4 $ur:"3,?4 trua ]?KasriHrze, qe
cnopocrrire Ha erlsflHe ce sa I:0, ? N 4 A Aonaro a6erlucaru e n.A n ua KpunHTe .BA{a cxopoc.l
Ila euBar{e npsr 0 A 'l Eepoarno paspfl{ ce na,'ru c.btrto Mej.riiry 36geMerlnre riJiex.rpo/lrl u
rliarueHara (brpnuarenpl't I ai{"I'Hlttro4}? Perqeu:le}rrbr r"re ilpueM& tl6.ficnenriero nc,n t}uiypara-
tIC) 1,[1At]auiHte eHeprerl'lqrll't tYtoHra trpH I(ocH t;rmr Aouprd]la*r{:r 3a pa3llparnBaue.fo IIa M}Iofo
Tt$Ha IiBHU{t or IIo , 6e:l 4a gonpft}Iactr 3a $&{"r ol($c B g"t;t6ovrna }ra cro{.
ffr;neqerr: o"r. .15{x 0a orpaSeHtr,".oo KoE:o e xia flpeAcrogtfte go fio.nHo
pa3llparuBaHes KosTo H AbTopaT IIpI$HABa }Ifl C.IIeAB&u{uTe {Be-Tptt cTpe[IHx[4. Ta(a ua
ft.ur.3.?5r'r n tn$n.3,? cpaBl'Islluero hrexAy rreptreuAlrKyJrsp]ro r.{ }l&KJronsr{0 fiatr{..a}{e na iionure

l-



IIpOAbJDKaBa' KaTO IIOTeHIIUanbT Ha MIIIII9HaTa nO OTHOIIIeHI,Ie HA 3eT npOAbJtXaBAAa ce CqI4Ta
3a ycKopflBalqo HanpexeHHe Ha ftoHr4Te (raro ue ce orr{r4'ra [Jra3MeHr,Itr froreHrlt4zuJ, a
pe3yJlrarbr npoTI'IBopeqI4 Ha rlpeAcraBl4re Ha MexaHI43Ma Ha fioHHo pa3rrparxrlaHe. nOcIeAHoTo
I{3per{eHl4e Ha rlaparpaQa (crp, 107), c o6tcHeHl4ero 3a Hr4cKr4Te orofiHocrl4 Ha Koe0rur4eHra Ha
puBnpalxBaHe u c[radara My 3aBI4cI4Mocr or ,,ycKop{Baqoro Hanpe}I{eHr4e" ,,@aK,t-br, qe HopMaJrara
K1bM cy6crpara, onncBatrla aHTeH3I4Tera Ha eneKTpl4rrecKara norflpv3ar\Lrt e cI{JIHo or6JroHeHa or
bfSJIa Ha CHOtla" e He[p[eMJrI4BO.

I4vano gre Qur'3'40 rz Sur.3.41. Ha opruuaruraHa Kpr4Br4re 3a orrrr4qHo nponycKaHe,
IIoKa3aHI4 Ha Qrzr. 3,47 wenpasl4JlHo e 3aIII4caHo [%]. o6osnaueHuflTaHap&3trr4.uHvtre KpHBr4 Ha
Ta3I4 Ql4fypa 3a cJloeBere or rI4TaHoB Ar4oKcLrA, rorr4paH 0b0 a3or r{enpaBr4JrHo ca v3nzrcaHfi Kuro
TiN sNaecro Hanpr4Mep raro TiO2-*N*.

B rpera rJIaBa e lLprtr4paHacalto pa6ora [17], rorro e HoMep 5 s cnr4crKa Ha orpa3eHr4re
B Al{cepralll4'ra pa6oru. 3a qurarens Ha AlrceprarlvflTa He e f,cHCJ r<ofi 4anHu 14 eKcrreDr4MeHrrl
ca usnoJr3BaHra or pa6orure 5, 6, 8, 9, 10,17,12,73,15, 1g, 19,20,21,22,23,24,25,26,27,2g
u 29 u vrMar Irur BcI4qKI{ orHoIIIeHLIe KbM pa3rJrexAaHr4Te B AriceplarrLrflra lpo6lerr,ru?

EsI4Krr Ha HanrrcBaHe Ha Ar4ceprarJ:y'flTa e par6npaeu, 
"b 

u""ro rvrru, \re Ar.rcepraFrrbr 9
ycBo'flBtul TeMarrlKara Ha qyx,4l4 93I4UI4. Ztua or4eluv u3pa3a, KoI,ITo HaroMH.gr Malrr4HeH
npeBoA - re ca 6es npaauleH cJIoBopeA, 6es nosnaeaHe ua SurapcKara repMr4uororu.q 14 6es
3alleralz. flpzn'reprz 3a HenpaBI4JIHI4 TepMrrHrr, r43rroJr3BaHv B Anc,epra\uflTa ca: nofi4one,
cy6crparw, rloHf,Kofa: oKllcu H lro-c[eqvaJrHo rr{raHoB AByoKr4c BMecro: npzuHor}r (noprz),
KaKTO 14 IOAJIO)KKI4, OKCI4AI4 [I [O-c[equ€rJrHo rr4raHoB Ar4OKCI4A. Ha CrpaHHqa30 a6penuarypara
HTC e noryqeHa or rlr,pBvre 6yr<nn Ha cMec or aurrraficrw u lrlrapcKu Ay\ru (nnaecro HTS
una BTC), Ha crp.32 ce ynorpe6rea repMr4Ha (orBpT,rqaHe)) BMecro 6r,napcxui_ (orrp.,rBaHe).
8, JIn"rHu BrreqarJreHr,tfl Ha peqeH3eHTa

flo:HasaNa KaHAI4Aara or foAI4HI4Te ua pa6orara vy u Arucrvtryra tro eJreKTpoHr4Ka Ha
EAH raro yveHolto6ur rz rpy4onro6r4B r.r3cJreAoBaren. flo:HasaN4 4o6pe " pu6or*u ,u
Ha) {Hr4re la6oparopuu_na npos. f, lpuropon ra npos, A, cuacon, c Kor4ro prL6orure ua 4-p K,
fpulopon I{Mar AorII4p. 3arosa 4o6pe Mora Aa orleHr Jrr4qHr4r rrpr4 Hoc Ha r43cJreABaH prflra Ha AorJ.
A-p K' fpuropon, I'I3JIo)KeHI4 s 1 u 2 rJraBa or Ar4ceprarlrzrra. o6^rqoro KoJrrrqecrBo 14 KaqecrBo Ha
HayqHr{Te ny6tuxaguu 14 MexAyHap oAHkrfl orrrrr B yrracrzre B ctBn{ecrH}r Hay.cltfir v3errenBaHr4fl. u
cnerleJrBaHe Ha rpaHToBe xapaKTepz3npar A-p K. lpuropon Karo yBDKaBaH rlepcneKTrrBeH yqeH,
r<oilro uoNe Aa v3rpal;u ycnelxHa lr3cneAoBarencKa rpyna s VIKVIT na nAU ra 4a o6oraru
HayKaTa c HoBr{ HayrrHn pesyJrTaTr4.

3AKJIIOqETII4E

Br: ocHosa Ha Ar{ceprarlhflTaHa AorI.A-p K.fpzropon r4 c,bAbp)Kaqr4re ce B He{ Hayr{Hr4
rIpIrHocI4 14 TflXHATA 3HaqTIMOCT HaMrrpaM 3a ocHoBareJrHo Aa [peAJroxa Ha qleHoBere Ha
Hayuuoro >Kypu 14 na Hayruz.t c:bBer Ha LIKVT nprz EAH 

^a 
npr4c'hpflr 3a Ar4cepraurroHHr4r rpyA

,,tr4:pacreaue Ll I'I3creABaHe Ha rbH*r,r cJroeBe 3a rrprrJroxeHr4e B Mr4KpoenerTp onaKara u
KocMl'IqecKoro npu6opocrpoeHe" ua do4. d-p Kopnenu fpuzopuee fpuzopoa Hayl''Hsrlra creHeH
,,doxmop Hil HayKume" s o6racrra Ha urcureto 

-olpazouauwe 
i, Irpupoduu HqyKu,

MQmeMamLtKa u uuQopnamurca; npo$ecuoHaluo HanpaBneHne 4,1, (Dusuqect<u HAJ)KU;
Hayr{Ha c[eIIV€uIHoc't ,,Cmpyrcmypa MexaHuqHu u mepMulluu c6oticmea ua rcoudeHsupoHamq
Jnameputt

8,06,2015 r. PEIIEH3EHT: lnl

(un.-rop. npolb., a.(pzr.u. I-. Mna4enon)
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