
BrAfyn
oSiuiftnoro orroHeHra Ha Ar4ceprauifruy po6ory fuana EorAaua

Apne.uoni.{a "IroMiuecueurHa cneKTpocKonirt uixlrolexynrpnol s:aerro:ii
uianiuosnx 6apnHurcin DiO, Dil i DID B HaHoropr{crr4x Marpr4rrqx SiO2".

ilpeAcraBresoi Ha s4o6yrrr Hayr(oBoro cryreHr r(aHAr44ara Si:uxo-
MareMarr4r{Hr.rx Hayr{ sa cneuiarruicrro 01 .04.05 - orrrr.rKa, na3epr{a Qi:uxa.

Axmyanuuicmo. Po:surox uauoSoroHixlr Br4Marae po:po6xu HoBHX
naarepialin, 3oKpeMa, uaHoAHcrrepcHHX rrol,rinecueHTHr{x uarepiarie, uo
Br4roronJurrorbcr 3a [pocroro rexnororiero. Iurepec Ao HaHocrpyr(TypoBaHr4x
naarepianiB iloB'r3anwit qx 3 [porBoM HoBr4x rpi:uvuux rBHrrI, rrKi cnocrepirarorucx
B TaKr4x crpyKTypax, TaK i s [epc[eKTr4BaMr4 crBopeHHr a6corrcrso HoBr4x
varepianiB 3 rur{poKrzMr4 $yHxrriouaJrbHrrMr{ MoxrJrHBocrrMH 4na pi:nrax o6racrefi
HayKrr, rexriiru i ueAuuprHz.

Bi4onao, rqo ri6pu4Hi oprar-rixo-neoprauiqui cr4creMr4 Mox(yrb nporBnrrrr4
norinrueui xapaxrepr4crrrr(H n nopinuruni : Ix oKpeMhMr4 oprarriurruua a6o
HeoprauiuHr4Mr4 r(oMrroHeHTaMr4. flcrpanuv npur(naAoM TaKHX cHcreM e
KoMrro3r{Tr{, cxraAeui 3 na3epHo-aKTl4BHlrx MoneKyn 6apenur<ie i HaHoqacrox
pi:unx Meraris. Bnpona4NeHHq nJra3MoHHnx HaHoqacrr4HoK Merarie e axrueui
cepeAonn[ta [pH3BoAHTb Ao icrornoro :6i,rb[I€FrFlrr B r]r{x orlrur{uux npouecin, n
ToMy .{ucri i na:epHoi leHeparli i , uro, B cBoro Lrepry, nigxpunae urrrpoxi
[epcireKTr4Br4 crBopeHHq niHiarropuHx na3epHr4x nunponriuroeauin,
reperBoprosaqis I{ACTOTH, BpICOKOLIyTJI14BI4X ceHcoplB. EQexrn
6e:nr.rnpolaiurcearrHoi nepegavi eueprii iuix 6apnuHxauu, BBeAeHHNTH B
HaHonop14 3oJrb-rerb Marpurrb llo3Bonrrorb crBoproBarH ,'rroNaiHecrteHrr-ri
KoMfro3prrlri varepiaJrvr 3 BeJrHr(r.rM cror(oBr.rM 3cyBoM. Ha ix ocrioei Mox(yrb 6yru
crnopeHi axrueui cepeAoBr4ula eucoxoe$eKTr{BHr{x :ra:epia 3 KepoBaFroro
AoB)KprHoro xer,rri reHepaqii B 3aAaHoMy cneKrpanbHoMy Aiana:oHi.

L{iaHiHoni 6apeuur<u, rKi xapaKrepu3yrorbcr By3bKHMr4 cMyraMH
norJruHaFrss i lrouinecqeuqii, a raro)K 3l-raqHr4nau xoe$iuienraun excrunxuii i
BHcoKr.{M KBaFTToBHM nHXoAoM, € nepcleKTr,rnHr4M K,TacoM 6apnnraxiB Ant
crBopeHHr HoBrrx $yHxqionaJrr,Hr.rx uarepianis ua 6asi 3oJrb-reJrb uarpuqr. Ane
ocHosFri saxoFroNaipnocri uixuorerynxpnol esaeNaoAii uiauiuonnx 6apeuuxie y
HaHonoprcrux Marpr4rl{x ueAocrarHbo AocnilNeHi. Tovy, Auceprauifrua po6ora,
rrKa rrpr.rcBrqeHa BIT3HaLIeHHIo B|InHBy HaHoo6'eevy rrip SiOr Nrarp14rlb Ha

-rrorrinecueHrui BJ'racruBocri sseAelrl{x B uux qiauiuosux 6aporrr,rr<is DiI, DiD i
DiO s yN{oBax ix s:aeN{olii, e aKryanbuoro.

llpo re, ruo reMarnxa po6oru HaJIe)KI4Tb no npiopurerHr4x uanprnain HavKH
roBopr4rb i rofi Saxr, ruo Ar4ceprauifrna po6ora npoBoAr4nacr eilnoeiluo Jo
nrauin HayKoBo-Aoc:ri lur.rx po6ir Incrnryry cuHHrr4rrruif ir lax varepianis HAH
VrcpaIHa B paMr(ax pflily .uepx6ro.u)Ke'runrx HAP. flKi BHxor ryBanvcn e nepiog 2010-
2016 p.p. y uux po6orax :4o6yeau 6pae vqacrb rx acnipaHr i suxoHaBerlb.



/{ucepnttqiiluu poSorrtct.rticttttttnt Hoc,ttt'nni rtoy'xooi nonoJrceHiltt:

- Po:po6reHo MeroAr4r(y BnpoBaA)KenHr no,'IiN,terl4HoBI{x 6apnuuxin B

HaHonopr4cri uarpraqi, ulo :a6e:neuye oIITHManrHi ynoau :arpinleHHt 6apnnr'txin

B fiOpax.
- Bneprue :l i f icueHo ar(ThBaqiro HaHonopr4crr.lx KpeMIle3eMFII4x Marpuub

Hr43KoK) uiauiHoer.{x 6apnunrin ra AocriAx<eui ix nunpol,t isrona,lbHi s,'Iactusocri e

rlr4x yMoBax. BcrasoBrreHo :uaquufi BIIII{B rlpocroposoro o6Nae)I(eHHt l.lir<ponop

Ha esacNaoAiro 6apnuurin, ulo rIpI4BoAI4rb Ao cvrre soi rtloau$ixauii ix

c n e KTp an r, H o - $nyo p e c LIeFITH I4 x xapaKTep I4crH K.
- Bneprrre Br4rnJrer{o BrrJrr,rB nocriAonnocri BBer€HHr uiaHiHostax 6apnr-ruxin

- Aorropr{o-aKuerrropr{hx flap - B ttartonopucri narpraqi FIa edrexrr.t nuicrr,

6e:nr,rnpovinronalruoi nepe.uaui eneprii:6ya>xeHHr N,Iix IIhMIt. BcraHosreHo, ulo

uafr6inr,rua ecper<runHicrr nepelaui eneprii ei46ynaerbct B 'roMy BI4raAKy, I(orh

rrep[rr4M B Marpuluo BBolIHTbcrr aKrlerlTop, a roriv - AoHop. IJe o6yruoB,TeHo

HeoAFraKoBHM BrrpoBaAxenrrrNr MoneKyn Aol{opa i aruenropa B HaHonopt4 varpuqi,

a caMe 6irrutoto xilt xicrto MoneKyn aKqenropa.

- BcraHoBrreHo, rqo i lepeHeceHHrr enepril viN 6apnHt{KaMI{, BBeAeHI4MI4 B

varpaqi, 6inrur erfer<runHe y nopinuxnui : iuruur,ttt HaHocrpyKrypoBaHHMH

cucreMaM v,, TaKLTMI;- qx Nairreru i ninocoMl4, 3a paxyHoK 3MeHtueHoi $parcra,rsnoi
po:vipHocri Hauonop Si02 Ma'rpt4llb (d : 2,7 4).

- Burereuo $oprlyBaHHrr ercuvrepiB prAy 6apnurariB, rlpuqoMy He ri lsxt't

uiauiuonnx, B yMoBax Ix KoHqeHTpyBaI{FIt B uauoo6'eui nip SiO2 Marpllub.

BcranoueHo, uo excilrepu AocriAxeHHX B po6ori 6apeHnrciB, yrBopeni e SiO2

Marpnuqx, Marorb Herr4noBy trntr La:nzlx cuc'feM xoncpirypartiro po:opieuroBaHnx

4nnepin, rrxi nporBnrrorb 6aroxponany i rincoxpoMHy cMyrrI B cnexrpi

:6yANeuux rtoN{iItecqenuii excnvepin.
Taxnv r{HuoM, Auceprarrif iua po6ora Mae Aocrarr't i f i  cryninl HayxonoT

HOBH3HI, I .

O1zpyrtntoasuicnto i docmocipuicmu HuyKoru-r
p e xone u d ct tqi it, crp o p,wyn b o B o I t nx e d ucep mo qi i.

no,,toJrceHb, eucuoaxia i

y AHceprallifinifi po6ori Aerartbl-Io o6rpyuronaui Bci HaeeAeni

no,roNeHuq i BHcHoBKL'r. / [ocronipnicrr pe:ylsrarin, orpl ' tMaHHX B

ni4lnep4N!€llCfi rHM, II lo BoHH orpuvaHi 3 BLtKopHc'raHHtM I(oMnneKcy

eKcnepnMelrraJrbrrr4x veroAin, rxi e 4o6pe anpo6onaHuMl{ s o6,Tacri onrt' iquoi

cneKTpocxonii, HeoAHopa3oBr4M npoBeAeHHxM el(cnepl4Mentin, BHKopI4craHHttM
saAifiHrzx cyqacHr4x NreroAiB o6po6xu eKcnepL{MeHTaJIbHr4x [atzrx) a raKo]It

nopinHrnHrM po3paxyHr(oBr4x pe3ynbrarie s orpHMaFInMI4 eKcIIepIrMeHTanbHHMLI

AaFTHMH. 3oxpeva, aBrop po3paxyBaB rrapaMerpH xou$irypauil ercul.lepin

4ocli4rxyBanHX 6apnrrurcin, Bcrarronun cppax'tanbHyro po:vipuicrb Hal'Iortop SiO2

Marplrrlb i eu:Haqus iT snnnn ua 6esnunponriHroBaJrbHe nepeHeceHHt eHeprir r 'r ix
qiauiHoeravra 6apnHnKaMr4. l lpu nponeAeuui eKcnepl4Meurin Bl{Kopl{croByBanuct
cyvacHi trptrna1u ra o6raAnaHllq.
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po6ori ,
p i :Hux



Huyxoae i npoKnruqtte 3HoqeHHn pezyt;lrrrnrrtio duceprnuu,iituo[ po|ottrtt

rroJrrra€, ;1eptlt 3a Bce, B ToMy, ruo BoIIr.I Ao3Bonltors rr116ule 3po3\'\t iru ocnoar.l

Qi:u.rui f lpouecu nepeHocy eHeprii l ,r iN uianisosutrln 6apnHnxa]Iu. a 'raxox ir

e:aexaoAii, e nafiocrpyKTypoBaHr4x cepeAoBI4IrIoX, treptrr 3a Bce - HaHonopHcrll\

KpeMHe3eMHux MarpHurx. Pe:yrrrarr4, nos'sgaui s 6essnnpoviurcoalbHll\ l

nepeHeceHHflM eueprii rrlixr opraHivunuu 6apnunranru, BIIpoBaAXeHHM14 B

HaHocHcrervrH : o6naexrerroro reoverpieto, Mo)Kyrb Sytu nuroptlcraui AJt

norlu6leHFrr yrB,reHr, rrpo BrrJrrrB po:vipHocri cucreM I'Ia fipoqecl{ [epeHeceHHfl

eHeprii. Orpnuaui excnepnMeHrarbHi pe:ynr,rarrl Mo)Kyrr' 6yru Ay)Ke KoprIcHI4NIlI

rrpg crBopeuHi HoBr{x lrarepianin : xepoBaHI4MI4 onrI4qHHML4 wtaerlzBocrtMl4 A,rlt

norpe6 uauoSorouixra i r{BaHToBoi enexrpouirra, a raKox noB't3aHl4x taly:el:t

HayKr4 i rexuixn. 3anponouonani soni vero4ra Qopr,ryBarllIt excur'tepin n SiO:

Marpr4urrx Mo)KyTb 6ytu Bnr(opt4craHVMH nph po3po6qi uosnx ,lrcrtiuecueHTHll\

$yuxuiouarbHl4x HaarepianiB Anq piauux 3acrocyBaHb.

Ocuoaui puyrbmomu ducepmaqii auxnudeui s 1l HayKoBI4x ny6,rixauirx.

3 flr(r4x 6 crarefi y cneqianisosaHnx HayKoBHX )I(ypHanax:, cepeA tKI4x IIo,'IoBI4Ha

siAHocnrrcrr Ao eiAorraux r,rixnapo4Hux x(ypHanin (Applied Physics, Journal of

Luminescence, Optical Materials) i 5 re: AononiAefi Ha uiNuapoAulax i

Birqu:sssux xousepeuqirx ra cuMrro:iyvax. Cepe4 ony6lixoBaHnx po6ir HeMae

po6ir, roro)KHr{x :a sN{icronr. Kinrxicrr, i qxicm ony6,'rixoeaHlax po6ir niAnosiAae

BcraHoBrIeHHM BI{MoraM Ao KaHAHAarcbI(t4x 4rlceprarrifi .

O t4i u xa s,v i c my d uc ep mu qii.

[racepraqifiua po6ora uicrltrl

ocHoeuafi uarepian BpIKJIaAeHo Ha 1 15
Bcryrl, tIorHpI4 po:4ilu i nucHosKl'I. Ii

cropiuxax.
Y acntyrui po:xpHra ar(Tyanbuicrr reMH, cSoprvtynsonaui Mera i :asAaHutl

AocliAx<euHl, Ri4:HaqeHa Hayr(oBa HoBH3Ha i ttpaxruuHe 3HarieHHt orpI4MaHI4x

pe:y,rrrarin.
Ilepwuit posdin e aHa,rirulrFrr4M orlqAoM ,rireparypl4 3a reMorc 4ucepraqti.

Tyr uaseAeHi ocHosHi eiAoNaocri npo uauonopracri uarepialu, no,'IiNaeruHoei

6apnunr<u, pisui BuAr4 arperaqii MoneKyn 6apnnnxiB B po3tll4Hax i HaHonopax.

Po:uruyro ocrlosHi npnr{uufir 6e:nunpoiuinrcsarrrroi nepelaui eueprii

:6yA>reuul uix AoHopno-aKuerrropH14M14 rlapaM14 6apnuuxie B po3r{}'IHax i

HaHoropax, a rar{o)K BrrJrr.rB arperaqii 6apnHnr<ie Ha ix c[eKTpaJlbHo-

lrcnaisecqesrHi BJracrr{Bocri. B xinqi po:ainy c$oprtaynbosaHi ocHoeni 3aBAaHHfl,

xr<i nnpiurylorbct n 4ucepraqii.
fpyzuu pozdin 4racepraLliT e MeroAHr{Hr4M. y HboMy HaBeAeHo orll4c

npulalie, uarepianis i N{eroais locriA)KeHb, ulo 3acrocoByBanucq npl4 etaxoHauHi

po6ora. 3oxperraa, HaBeAeHo onl4c MeToAI{KI4 cHHTe3y SiO2 llarpuql.
y mpemboJ|r)) posdini uaneAeui pe3ynbrarl4 AocliAxeul BTIJII4Bv

npocropoBoro o6laexeuul HaHoilop SiO2 Marputtb Ha eSexru

6e:nnnpoNriHroearr,r-roi nepeAaui eueprii:6yarxet{LIt B Aoltoptto-aKuenroputfr napt
qiauiHosrax 6apoullxin. Tyr orrr4caFla MeloAHKa HacI4qeHI-tt HaHonop14crhx

N,rarpTur, i nora:auo 3HaqHHii snrr.re nocriAoeuocri BBeAeHHt 6apnHraxa-4ouopa i

I



6apnuuxa-aKrlerrropa Fra npouecz nepe4aui eueprii. Flaseaeuo pe3\'-rbrarrr
:ocri lxesr cneKTpanbHo-JtoMiuecqesruux xapaKTepucruK :oc-ri:xr€\rrr\
SapnHuxin B cepeAoBrruax s o6NaeNeHolo reorrerpie ro (rriue.ru n^\P.

$occpo;rinilni - '  r inoconz i SiO2 uarpraqi). Burrs-reHo icrorsrrr-r Bn.rnB
ueo.luopiArroro po:no4i:ry 6apnHv rin B pi:ur.rx rrarrocrp\ K.r\ poBaHrr\
cepeloBHulax Ha ecpexrn 6e:nunponaiHroea,rrHoro nepeHeceHHr eHepriI. sxe \roxe
5r'ru onHcaHo [apaMerpov Spar<raruuoi po:vripuocri.

V emeep m u it posdin npficBrr{euufi sue.{eHHro rrr4TaHb yrBopeHHr exclnrepi n
pi:urrx 6aparluxiB B rropax KpeMFre3eMHr{x Marpaub.

HaeeneHo pe3ynbrarr.{ AocliAxesr KoHueHlpaqiprHr,rx garexHocrefi

cnexrpie rrouisecuenuii i qacin :aracauur iT 6apnnrariB, BBeAeHr4x B HaHonopu
SiO2 rrarpuur. f loxa3aHo, u{o B o6vexeuolry o6'evi nop Marpr4rlb eci locri lxeui
6apnHuxra yrBoprororb AHMepr4. BraropacroByroqr4 reopiro Kauri nnfl
po:opieuroBaHr4x 4uuepin i pe:yrr,rarr4 crreKTpanbHr4x ennaipronaHb, orpr4MaH:aX
n po6ori, 6yrra BcraFroBJreHa xoncpirypauir excnvepin 4ocri4>rceHr{x 6apnunrcin.

3ayauuceHHfl no po6omi.

L B po6ori sp{qnreHo gaNaiueHrrfl oAHoro 6apnuuxa iuurar,r B rropax npu ix
nocriAosHoMy ene4euui s SiOz varpnqi. Ane rter,i erperr cnocrepirancq rirr,rn

Ant rapv 6apnHaxis DiI i DiD, s rofi qac {K B Marpr{ui neoArarracq i iurui
6apnuur<v. IJir<ano 3HarI4, qr4 noBToploerbcr [asuil e$exr Arq iHruax xou6iHauifi
6apeuuxie?

2. flp, AocliAxeusi Bnnr4By cppaxransHoi po:vipuocri Hauonopncroi
cr.creMn Marpr4ur, Ha 6esnunpouiuroBaJrLHe fieperreceHHr er]eprii vix pi:rrr.nrur
6apnnraxaMn He :po:yl,t i.ro, r{H 6yno BpaxoBaHo BrrJrr4B cfopuynaHHr eKculrepin
gonopin a6o axqenropin?

3. {ucepraqiq BHKoHaHa A,rq SiOz Marpnrlb : po:uipou nop 2 sv. f lx
BrrJruBarr4nae :lriHa po:vipy rrop Ha orpnuani n po6ori pe:y,rrrarlr?

4. I-Ie sonciNa rrcrro, rroMy aBTop 4r.rceprarlii Ha3BaB AaMepr4, ruo
yrBoprorcTbcr B ocHoBHoMy c'raui er(caMepava. flrc ni4ol,ro, r(J'racuqHe Br43HaqeHHt
erccravepiB - rle MoneKynr4-l.vMepu, crifiro icuyroui rirrrcu n s6y4xeHoMy crasi
(excited dimers). B aanifi po6ori crBepAxy€rbcr, ulo nr4Mepr.{ 3 oproroHaJrbHr4Mr4
rnnonbHr4Ma MoMeFrraMr.r MoneKyn yrBoprororbcr B ocFroBHoMy craui (ruv.,
HarpuKraA, crop. 96). llp, :6yAxeuni 4rar,repy eig6yeaerrcn roBopor
rnrrojrbHoro MoMeHry o4Iriei 3 MoneKyn (:6yaNeHoi), ro6ro roi,r xe Ar{Mep rirsxrz
3 Aeruo inruoro npocroponoro xon$irypauiero.

5. B po6ori fr,rerr,cr, uto uiaHiuoei 6apenurcu noroAirorr isreucuBHr4M
rror.nnHaHHqv i BHcoKr.r\{ r(BauroBr{M Br4xoAov ,rrorraiuecueuqii. Baxauo 6y,ro 6
FraBecrH r(oHKperHi :saqerrHrt neperurry rrorJrnrraFrFrr i rcnaHrosoro BHXoAy
rf,ryopecuenuii ifnr BHKopHcroByBaHI4x 6apauuxie i ix grzvepin. L{e crauoBurb
iurepec 3 TorrKr4 3opy ilpaKTr4rrHoro 3acrocyBaHHr uHX crpyKTyp.



Bucuosxu.

l. f,ucepraqifina po6ora fuana E. A. Br,rKoHaHa Ha aKryaJlbHy reN{y, rf :rt icr

ra orpnrraaHi'' pe3ynbrarn eiAnoeiAarcrr racropry cneuialtuocri 01.04.05

onrr4Ka,,[a3epHa Qi:uxa.
2. f.ucepraqirr e 3aBepueHoro po6ororo, n rxifi orpuvaHi Honi uayKoBo

o6rpyuronaHi pe3ynbrarr4 uloAo BcraHoBJIeHHI Mexaui:tr,tis cIioHTaHHoro

nHnpolaiuroBaHHf AoHopHo-aKrrerrropHl4x nap AesKHX noliveruHoBl4x 6apnulrxin

B HaHOnOpaX KpeMHe3eMHHX MaTpI4IItX.

3. [raceprauifiHa po6ora i anrope$epar rlo crpyxrypi, :llicry ra

o$opv,reuui eiAnoeiAarorr BcraHoBJIeHI{M BHMofaM, uro npe4'rnlllorbct Ao

KaHAr4Aarc bKHX AI{c eprauiit, ra anrope$ epari n 4uc epraui fi .

4. Pe:ynsraru Ar4ceprarliituux AocniAxenr AocL{TL noBHo elaxra.leui e

ony6nixoBaHI4x po6orax.
5. Anrope$epar Aocr{rb rroBHo ni4o6paNae sNaicr i ocuonui noroxeHHq

gucepraqii.
6. HaneAesi 3ayBa)KeHHr Ao 4uceprauii He BnrfiBatorb Ha ocHoeui

pe3ynbrarh i eucFlonru po6oru.

V :n't:xy 3 BHUIe B[KJraAeHprM BBaxaro, ruo fsan EorAau Apleuonnu

3acnyroBye rpHcyAXeHHr fiovy HayKoBoro cryneHq KaHil:arara Si:raxo-
MareMarHqHHX HayK :a cueqialrnicto 01 .04.05 - otlrl{Ka:, na3epHa Si:ura.
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