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o$zqnanruoro o[rIoHeHTa AoKTopa Qraszxo-MareMarr{qecKrlx H&Ix,
Baraena Buxropa Cepreennua Ha Ar4cceprarlva Mapm*rona Aprenaa KoncranruHoBrrqa

<<@oprrarapoBaHl4e s CBg rIJIa3Me aJrMa3Hhrx nl€nor r{ KoMno3r4ToB, coAepxarrlr{x orrruqecK}r
aKTr{BHbIe npl'IMecr{ Si, Ge, Eu>>, npe4craBneHHyro K 3arqr,rre Ha corrcKutnrae yreHofi crerleHu

KaHAr4Aara Szsraxo-turareMarlrqecKrrx HayK rro c[eq[anbnocrrr 0I.04.07 - Ouguxa
KOHAeHCT.TpOBaHHO| O COCTOSHr.rfl.

,{nccepraqux Mapruxuona Apreua KoscranrnHoBr4qa flocBrrrleHa gKcrrepr.rMeHT4JrbubrM

I'IccJIeAoBaHI4.f,M cuHTe3a aJIMa3Hrrx nn€noK s CBg [na3Me r4 KoMrro3r,rroB, coAepxarrlrrx
olrrI4qecKll aKTrBHhre rIpI4MecI{ Si, Ge, Eu. B pa6ore uccneAoBaHo BJrrrrHue napaMerpoB
ocax.4eHvt nerupoBaHHhD( KpeMHHeM anMiBHbrx unenor Ha c[eKTpilJrbHble xapaKTepucrI,IKLI

IIeHTpOB OKpaCKV Nrfl pa3Brrrkr{ cyrqecTByrorqvx Mero.{oB nerupoBaHufl, aJrMa3a vs cvrna]Fra !.rr[
flon) IeHI4t AocraroqHo y3KI,Ix ttuttuit Nrs, 3aAaq rnanroeoft orrrr{K}r. Tarxe n pa6ore
paspa6omubl MeroA KoHTponupyeMoro nerr4poBaHprs. arMa3arepMaHr.reM lr MeroAbr nerrlpoBaHr.rt
anMtra peAKo3eMeJIbHbIMI,I sJIeMeHTaMr.r, Koropbre rro3BoJrr,rJru noJlfrlrrb SororuounHecrleHrlr4ro
(@n) c BbrcoKr.rM coorHorrreHnenr cr,rrnar/ruyu.

B flane 1 npe4crauleH arlanurrrecxlrfi o6sop nr4TeparypBr rro reMe r{ccJreAoBaHus.

flpe4cranrena zu(popMarlur o crpoeur.ru u cnoficrnax {urMa3a, MeroAax [onyrreur,r.f, u o6nacrrx
rIpI4MeHeHI,I-fl iuIMa3HhD( nrdHoK, MeroAax aKTr,rBarllrrr ra3a B CVD npoqecce. PaccMorpeHhr

.4OCTOI,IHCTBa I,I HeAOCTATKLrpa3nkrqHbD( MeToAoB rronrreHzr rIeHTpoB oKpacKr{ B uurMa3e, a TaKxe
[epc[eKTrIBbI npaKTlIqecKoro r4cnoJrb3oBarrvr raK]rx rIeHTpoB. BursreHrr npo6leurr B

cylllecrBylorqefi rexuoJlofrl{, rocraBJreHbr 3aRaqv Ar4cceprarlraonnofi pa6oru. B ftane 2

npeAcraBneHo orrrlcaHlde v rexHrrqecKrre xapaKTeprrcrr,rKrr ocHoBHoro o6opyAonanur,
lrcrlonb3yeMoro AJUI cI{HTe3a Marepr{anoB vr ux ga-nruefiruero r{ccJreAoBantrfl.. B fnane 3 onucauo
lIccJIeAoBaHLIe pexLIMOB Ct4HTe3a nerurpoBaHHbrx KpeMHr{eM noJl}rKpr,rcraJrJrr{qecKr.rx ilJrMa3Hbrx

nneuor s CBV rIJI€BMe, cnoco6crnlrorqux o6pasonanuro olrr.rqecKn aKTr.rBHbx geSexroe

<<xpenrrrrEff-BaKaHclat>) B aJIMa3e. Onr.rcauo r{3roroBJreHue ua6opa Monor{3ororrubx SiV-qenrpon
n cla6onanprN0nurx grll4TaKcr4anbHbx aJrMa3Hbx nn€max neflrpoBaHHhrx r.r3oro[[qecKr.r

rlrlcrhrM KpeMHLreM. B f:raee 4 paccnrorpgHo nerupoBaHrae repMaulleM rronr4Kpr4crarrr,rqecKl,rx

tlJIMil3HhIX nnenox v IoMo3[r{TaKCI,ItuIbHbD( MOHOKpUCTaIIHqeCKI,IX aJIMa3HbX CnOdS

rlocpeAcrBov 4o6anuenlrs GeHa B peaKrlrloHHyro ra3oByro cMecb CH+/Hz HerrocpeAcrBeHHo B

npoqecce clrHTe3a aJrMa3aras ra3onofi (pasrr e CBr{-rra3r,re.

B npoqecce Bblrlonnenlu pa6omr Ar.rccepraHToM [onf{eHbr Ba)KHbre c QyH4arraenramnofi
r.r npaKTr.rqecrofi ToqKr.r 3peHr.rr pe3yJrbrarbr:

Mero4ou xllMlrqecKoro ocaxAeHr,r-rr r43 ra3oBoft Qatrr s CBH rrJrirMe 6stltu crruT$r{poBaHbr [oJrH-

v MoHoKpI,IcraJrJIlIqecKI{e nerrrpoBaHHbre KpeMHVeM H repMaHr,reM aJrMtt3nble nl€nxu
COAepXarrIue O[TI{qecKI4 aKTLIBHbIe IIeHTphI, a TaKXe KOMIIO3I4TbI Ha OCHOBe aJIMa3a C

BKIIOqeHr4rrMr,r eBporrru{.

Onpe4eleuu pexrIMbl cLIHTe3a (xouqenrparlux SiHy'CH4, rerraneparypa) nerrrpoBarrHbD(

KpeMHI,IeM [onLIKprIcraJIJII{qecKr{x aJIMa3Hbx nneHor s CBH rrJra3Me, cuoco6crnyroqfie

o6pa:onauruo onrltqecKl{ aKTI4BHrx 4efterroB (<KpeMunit-sar<ancnr>> B aJrMtt3e c r,rHTeHcunHofi

y3Korroirocnoft (DJI Ha Anr{He BoJrHhr T38 uu.



B cna6onanpsx€uurx grILITaKcr.raJrbHbD( aJrMa3HhD( cJrorx, ocax,4€nurx s CBr{ rrJrtpMe H3

rasonoft cMecl{ CHd,/Hz c Ao6asregr.reM rr3oronuo-o6orarrldnnoro carrraHa, noJryrreHbr attcavlrru
SiV-qenrpoB c peKopAHo y3KrIMr4 r.rHTerpanbuhrMr.r KoM[oHeHTauu E@JI B c[eKTpirx [orJrorrleHr.rt

u onpe4eleH r43oronlr.{ecrufi c.(Br4r KoMrroHeHr BOJI SiV.

B naurporprlcraJlJlI4qecKllx aJrMa3nrn< nndrr ax, ocax4€HHhrx n CBg nJra3Me zg rasonofi cMecrr

CH4/H2ISiH4 Ha roAnoxKvrtrsHrzrrpuAa anroMr.rHzx, nonrlppaNravKpeMHrar o6HapyNenbr rleuTpbr

c OJI B rloJloce 720-722 HM, I4HTeHcrIBHocrb cBeqeHr4r KoropbD( c rroBbrrrreHueM TeMrreparyphr

ocax(AeHvt pacret o[epexarcIqr.rM TeMrroM rro cpaBrreHr{ro c r{HTegc}rBHocrbro @JI SiV t4 Moxer
crarb cpanurruoft c Heft.

Peanrlsosano KoHTpoJII4pyeMoe Jrerr.rpoBanr,re repMarrlreM rroJrr4- u MouoKprrcrirJrJrrrqecKr.rx

ElJIMtl3Hbrx nn€nox. llonyrenrr IIeHTphr oKpacKr,r GeV c xprofi @JI na AJrr4He BoJrHbr 602 ttw.
Harl4euu ycnoBl4t nerrpoBaHur (GeHl/CH+ = 70Vo) v Ar.rarra3one KoHrleHTparluit 0-36Vo,

Koropble MaKcLIMI,I3LIpyIor r43nfreHlze GeV-qenrpon. OcyrUecren€n o4noapeuenHrrfi pocr
Kpr4cTannHToB repMaHus. vr aJrMa3a.

Paspa6oran nonrrft Mero,q noflyrreu[r KoM[o3r.rroB c MexaHI,IqecKI{ npouuoft H xr.rMllqecrr4

raHeprnofi uarpraqefi, coqeraloulllx BbrcoKyro rerrnonpoBoAHocrb r.r npo3paquocrb aJrMa3a c

raHrescunnoft $oro- Lr peuTreHonloMt4rrecqenquefi or peAKo3eMeJrbHhD( HaHoqacrr.rrl.

I'IsroronreHbl rI oxapaKTepll3oBaubr KoMno3r.rrHbre Marepr4aJrbr c HaHoqacrr.rqarr.rr,r EuF: u
NaGdF+:Eu, BcrpoeHHhrMLI B MllKpoKplrcrrrJrJrr.rqecKr{e rrJrMa3Hrre uudmu, o6na4arorqne xproft
(poro- u peHTrenonloMl{Hecllenqnefi Ha AnrrHe BoJrHbr 612 ntv.. VcranosreHa KoHrIeHTparI}roHHaf,

3aBI,IcuIMocrb I,IHTeHcI,IBHocrr{ penTreHoJrloMl{HecrleHqlrr4 or Korl,IqecrBa Harrec€Hntrx qacrllq.

Bneprrre noKa3aHa Bo3Mox(Hocrb rrpr.rMeueHr{r JrroMr{HecrleuTHoro KoMrro3r{Ta irJrMa3-P39 n

KaqecTBe JrK)Mil HecrIeHTHbrx peHTreHoBcKLtX SKparIOB.

.{ocronepuocrr [oJlyrreHHbrx pe3yJrbraroB norrBepxAaercs r{cloJrb3oBaHr4eM

coBpeMeHHoro o6opy4onanua v arrecroBaHHbx MeroAr.rK uccregonauuft, 6olrruuu
KoJIHrIecrBoM cLIHTe3LIpoBaHHbx r.r npoaHanpBnpoBaHnrx o6pa^rqoB, Bocrrporl3BolllMocrblo

peynbTaToB 3Kc[epr,rMeHToB.

OcnosHrre pe3ynbrarbr Ar4cceprarJLrLr 6stnu [peAcraBnenbl Ha ncepocczficrr.rx Lr

MexquynapoAHbrx ron(fepenqurx, ony6nlrKoBaHo 20 regr.rcos B Mareplranax z c6opnr.{Kirx rpyAoB
r<on(fepeuqufi. Ocuosuble rloJloxennr pa6orur ouy6ruaKoBaHbr B perleH3r,rpyeMbx Ha1nrHbrx

)Kypuanax s 6 ctatrxx, B ToM qLIcJre 5 lrs HIax rBAaHbr B )KypHanzx, peKoMeHAoBaHHhx BAK PO,
u 4 nxoryr n 6asy AaHHbx Web of Science.

flolyrennble corlcKareJleM pe3yJrbrarbr rBrrrorcs HoBhrMr,r n o6la4aror flpaKTurrecroft
3HaIIlIMOCTbrc, KOTOptU 3aKJIIOqaeTCr B CneAyIOqeM:

flolyreuu aucau6nra MoHol43ororrHbD( SiV-qenrpon c peKopAHo ysroft nonocofi

nIoMTIHecIIeHIII{u (nonyruHpzHoft 4,8 ffq) upu noMorqv KoHTpoJrrrpyeMoro ner}rpoBaHus.aJrMa3a

KpeMHI{eM ras ra:oo6pa3uoro culrama He[ocpeAcrBeHHo Bo BpeMr [Jrrr3MoxrirMr4qecKoro cr,rnTe3a

aJrMiruhrx nn€nor.

O6uapyNeHhr lI oxaparTepn3oBaHbr HoBhre o[Tr4qecKr,re rleHTpbr B Mr.rKpoKp]rcrirJrJrr,rrrecKr.rx

aJrMa3Hbx nldurax c <DJI B rroJroce 720-722su.



o Bnepsrre [oryqeuhr IIeHTphr oKpacKla repuarrrafi-BaKalcpra B ilJrMa3e npr{ }rcrroJrb3oBaHr4rz

rasoo6pasnol'o repMaua B KaqecrBe r.rcrotmprKa [pr{Mecur, vr olpeAeJreHhr ycnoB[r cr,rHTe3a

uurM€r3a, oona4aroqefo BbrcoKofi rEureHczBHocrbro oJI qenrpos Gev.
o Bnepsrte rI3 ragosoft cMecl{ MeraH-BoAopoA-repMaH rronfreH rounogzrnrrft Mareprlan

repuanr.rfi-aJrMa3.

o florry-reHbl LI oxapaKTepll3oBaubr HoBbre aJrMa3Hhre KoMrro3r{Thr c nuegpeuuhrMr.r HaHoqacrw\aNru

EuF: n B-NaGdF+:Eu s xa.recTBe LlcTorlHraron @JI n PJI.

lls ueAocrarKoB pa6oru Moxno orMerrrrb cneAyroque:

1. B pa6ore ne o6cyxgaerct Susuuecruft MexaHzsM BnrvrflHus. a3ora Ha r4HTeHcr{BHocrb

IIoMI,IHeoII9HIIIaI,I SiV- qeurpoB r.r rleHTpon c 6ecSououuoft rnnaeit r{3nf{eHr4r B

pafioue 720-722 Htrt, o6napylreHnbx aBropoM. B ro x{e BpeMr, cyrqecrBeHHbre

I43MeHeHIIfl IIHT€HCIIBHoCTI{ IiI3nfIeHVg AaHHbIX IIOMI4H9CIIOHTHbD( IIOHTpOB,

BbBBaHHbIe €l3oroM, aBTopbr yBepeHHo na6rro4aror gKclepuMeHTanbHo, cu. crp. 96
MaHycKpr.rrrTa.

2. B pa6ote npz o6cyx4eullr4 Irrupurt nu:auit rircJrf{eHr{Jr JrroMr.rHecrleHTHhrx rIeHTpoB
qaCTo cpaBHLIBiuoTct BeJIVTILIHrI, fIpI,IBeAeHHbIe B pa3ubx eAI,IHlrrItX (uaHOuerpAr vrvr
3neKTpoH-Bolrrax). flannax oco6ennocrb HecKoJrbKo ocJro](Hrrer qrenr,re MaHycKpr{rrra.

3. B Soprrayne Ha crp. 96 npucyrcrByer oreqarKa.
OrvreqeHurre HeAocrarKr.r He cu[xaror KaqecrBo pa6omr u He Blrvrflror Ha ocHoBHbre

pe3ynbrarbl AldcceprarlztE. Pa6ora 6azupyercr Ha AocraroqHoM rrr.rcJre gKc[epr{MeHTirJrbHbD(

AaHHbIX. AnropeQepar coorBercrByer ocHoBHoMy coAepxaHr4ro Ar.rccepraL\kru.

,{nccepraqux <OopuuIpoBaurle B CBr{ nJra3Me aJrMa3Hbx nr€nor< fi KoMrro3r.rroB,

coAepxarrlux onr[qecKr.r aKTVBHbre ilpr,rMecIE Si, Ge, Eu> yAoBJrerBopfler rpe6onanzxu,
[peAtsBnseMblM K ALICCepTaqr{rM Ha COLrCKaHr.re yrenofi cTerreHr,r :rra:a4tr4aTa $rasuro-
MareMarllsecKl{x HayK, a ed aBTop Maprrrrron Aprena KoncranrvnoBlrq 3acny>KvrBaer

fipllcyx'4eHllfl eMy yvduoft crefleHrr KaH4vIlara (fnsuro-ruareMar]rqecK]rx HayK no
cnellu€rnbnocru 0 1 .04 .07 - @usuKa KouAeHcrrpoBaHHoro cocrorHr4r.

f nannrrfi Hayrurrft corpyAnr,rK,
@ugu.recKufi zncrraryr rarra. fI.H. Jle6e.qesa PAH

a.(b.-Irl.n. araeB Br,rrrop CepreenHu


