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(OTI4AH rzn. K.A. Barresa PAH) Ha .ql4ccepralll4oHHyro pa6ory EapaHona

f:re6a BnaAuMI4poBlzqa <3Q$ercu npocrpaHcrBeHHoro pacnpeAeJreHI{t

geQerron 14 lrpr{MecHr'rx aroluoB B cJrorrcrl'Ix crpyKTypax na ocrone Si npu

lroHHoil r4MnJIaHTaII[I.ID no cneql{aJlbHocrr'r 05.27'01 - TBep,4orerbHat

3iIeK'IpOHI'IKa'pa,qI{O3JIeKTpOHHI'IeKOMIOHeHTbI'MI'IKpO-I'IHaHO3JIeKTpOHI4Ka'

npu6opu Ha KBaHToBbIx s$Qerrax, npe.ucraBJleHHylo Ha col4cKaHue yreuoii

creneHr.{ KaHnt44ara Quenro-vareuarl'IqecKrrx HayK

fluccepraqlroHHar pa6o:ra f.B. Bapanona [ocBsqeHa reoperl4qecKuM u

3KcnepI4MeHTaJIrHrIM I4ccJIeAoBaHr{tM oco6eHHocrefi npocrpaHcrBeHHofo

pacnpeAeJleHl.It paAl{alluofrHbrx u paAIraqI{oHHo-TepMI'IqecKI4x 4e(perron, a

TaKXe I4CCIeAOBaHT{IO paoflpeAeJreHr{t npulllecHblx aToMoB s6ruzu fpaHIrIIbI

pa31ena rpevuufi-gueleKTpI4 K. Kporrae roro, u3yrtuorcq pa3MepHr're (farroplt

MacKy o6:racrefi, nqu Koropblx

MCXAHI{IICCKI,IX I4 3ICKTPIIqCCKUX IOICfi
r,roHHO-I4MITJIaHTI4pOBaHHbIX rIepe3

oKa3brBaeTct cyuIecTBeHHOe BJ 4flH'je

Ha paclpeleJleHI4 e nplrMecl'{.

HonugHa pa6orrr cocrol4T B ToM' qro [poAeMoHcrprrpoBaHa

Bo3MoxHocrb peryJII4poBaHI4r ipona HepaBHoBecHbrx roqerlnblx geQerron n

OT3bIB BEAYIIIEH OPTAHI43AIIIilI

(De4epamHoro rocyAapcrBeHHoro

TexHoJIOrI4qeCKOf O LIHCTI4TyTa HM.

6rolxsrHoro yqpexAeHl4t nayxu (Du:uro-

K.A. Bannesa Poccuficrofi aKa,qeMlrl4 HayK

KpeMHr4I.I 3a cr{er rpaHuqHI'IX eQQerron B rereporeHHbrx c:rpyKTypax' qro He



paccMaTpr.rBajrocb paHee B rIeJUx y[paBJreHr,rr npoo]4neM npr.rMec]r B

pea!'rbHr,rx cTpyKrypax Mr.{Kpo3JreKTpoHHKr4. HafiAeHHLrfi aBTopoM rrpr{Hrlnn

peaJlu3arlLlv cenapfipoBaHr.rt BaKa]dcvfr In6o co6cTBeHHbrx Me)rqqoy3eJrbHbrx

aToMoB r,r3 perrreTKr{ KpeMHr.{r co3AaeT yHr.rKa!.rbHy}o .qrs pa,q[aquoHHofi

Qr.r:arra clrryarlmo u vMeer pM npaKTuqecKr,r BaxHbrx cne.qcrnr.rii.

I,IccreAosaHHHfi s$$er<r cnoco6en 3HaqrrMo BJrr{rrb Ha npocrpancrBeHHoe

paclpeAeJreHr.re r4MrrJraHTr{poBaHHbIX rrpr4MecHhlx aToMoB B KpeMHIIIz, qTo

loATBeplq4eHo n pa6ore Ha npnMepe aroMoB As u Sb.

Arryamuocrr mr6panHofi TeMhI o6yc.rroeleua Bo3MolrHocrqMr4

rrprlMeHeHr.rr u3yqeHHoro eQSerra .qJrr. pelxeHr{r npaKTr.IqecKr{ BaxHBrx 3aAarr

MnKpoSJreKlpoHI4KI4: npeAeJrbHoro rroBhrrrreHut KoHqeH'Tpau[r4 npr4MecHbrx

aroMoB B flp[rroBepxHocrHblx o6racrax, yMeHbrIIeHIrt rny6uHn p-n-

nepexoAoB, rroB[,r reHrrr Kp]'Tr43Hbr npo$unr 3aretaHr4fl nplruecn. Taxuv

o6pa:ou, reua pa6oru aKrya,'IbHa c roqrl4 speHrar (pyH4aMeHT&'IbH6IX 3aAaq

paAuaqlroHHofi Qusuxr.r, a BLInoJrHeHHbIe I{ccJreAoBaHI{.s o6raAaror sHa.iI4r.{ofi

nav.rnofi nosfi:Hofi.

,{uccepraquonua.r

corparqenufi, BBeAeHlIe, qerblpe rJIaBbI, ocHoBHbIe pe3yJrbrarhr pa6orLl n

BBrBoAbr, cnvcox pa6or, ony6.nrronauHblx no reMe AI,IccepraIIl l, c ucoK

qunrpyenoft nr{Teparypbr I,tg 82 naulteuo sauui4 u coAepxl{T 132 crpaHuqu, e

ToM qr4cJre 51 pucyror u 3 ::ia6tur\r't. Bo sneAeHlru o6ocuonaHa aKTyaJlbHocrb

pa6orrr, c(popvryruponanrt e€ uelr v 3aryasv, I'r3Jraralorct rroJroxeHl'It

uayrnofi HoBI{3HBI, nparrnuecrofi 3HaqI'IMocrI{, a raKxe cQopuylruponann

IroJroxeHI,It! BbrHocI{MbIe Ha 3aIIII4Ty.

flepnar rJIaBa nocBtrleHa aHaJIr{3y Jll'ITeparypbr rro reMe

,qr4ccepralllroHHblx uccre1osanui4. O6:op nocstrqdH flpoueccaM

paAr{aqrlonHoro geQerroo6pas oBa:rafl rt 4IaQQysrau pl'rMecHbrx arovog s Si n

ycJroBrrrx nepecbrrIIeHHOrO TBep.qoro pacTBopa co6cteeHH[,rx ToqeqHbIX

4eQexron pa,uI{aIII4oHHoro npollcxoxgenuq. Oco6oe BHI'IMaHIIe y'ueJlterct

pa6ora BKJIIOqAET cIIr{coK r{cnoJl63yeMbIX



/
aHzlJrr{3ynpoclpaHcTBeHHOrOpacnpe,4eneHI4tIIepBl'IqHbrxpa.qI4aIII4OHHbIX

AeOeKToB B Si I4 xopo o [3BecrHoMy Qarry npocrpaHcrBeHHoro pa3AeJIeHI4t

nporpunefi [epBI4qHbIx V u I n rolr'torennofi Marpr{ue' Kporrae roro,

o6cyxgarorcr rlpIrKJIaAHbIe 3a,4arlI{ crl{MyJrzponaHnoii gaQ$ysuu IrpllMecHbIX

aroMoB r.r BTopuqHoro pa4l{aqlloHHo-repMrrqecKoro 4eQerroo6pa:oBaHlIt B

si.

Bo nropofi IaBe BnepBr,Ie reoperl4qecKn o6ocnosaHa Lt

3Kcnepr.rMeHTaJrLHO rrO.UTBepXIeHa Bo3MOI{HOCTb TepMI{qecKn ycrofiultnoro

IIHTerpaJIbHoro pa3AeJleHr{t KoMrroHeHToB nap (Dpenrelr' Bo3HI4KarorI X rrpu

uonnofi I.{MnJraHTaIII4I,I B pa3JII'IqHbIe cJlol'rcrbre fereporeHHr,re crpyKTypbr, np14

KoropoM craHoBI,ITc.fl Bo3MoxHbIM noJIyrI{TL n o6lacrlt

r4MnJrarrrl.{poBaunofi npulrecu clrJrbHr'Ie nepecblrlleHl{t roJILKo Iro

fi:ru co6crseHHEIM aroMaM B Mex.4oy3JII'Itx.

4v$Sysuu

BAKAHCI{'M

B rperreil rrlaBe npoAeMoHcrplrpoBaHa o(p(f errr'rnuocrb ynpaBrIeHI'It

ga$rfy:aounuMl{ npoqeccaMr{ npI4MecHBIx aroMoB 3a cqer co3'uaHl'It

Herl{floBoro {ona pa4naqnoHHblx AeOeKToB Ha npl{Mepe I{MnJIaHTaqI{I'I B

Mo,qeJlbHbrx ycJIoBI4tx noson Sb r As e crpyKrypy SiO2-Si' Bnepnne

flnoKrr:aHo, qro npll 3ToM gla$Qy:ilr aroMoB Sb n Si Ha cra4vu

nocrrrMlJraHTaul.{ogHoro orxrrla uoxer 6rru npaKtfiqecKrl noJrHocrblo

noAaBrreHa, a 4rzQ$yrur aroMoB As s Si I'tMeer cJIoxHbIfi xaparrep u rpe6yer

yrrera rBJreHI4t (BocxoAtrlefi 4u{Qystllt>'

9erneprar rlocB{IqeHa reoperl'rqecKl4M I4CCIeAOBaHI4'M

erf Qerron ynpaBneHl{t r{oHHo-I'IMnJIaHTI4poBaHHbrM npo(f unelt rpI4MecHLIX

aroMoB rtpLt tfoPuuPonanuu NI€JIKO3IIJi€|aIOUII{X JIOKa"II'HbIX I4OHHO-

Si noA sogAeficrBl4eM 3neKTpI4qecKI'IX rl
JrervpoBaHHbIX o6lacrefi B

MexaHr4qecruIx nolefi. B ulaBe orIpeAeJIeH[,I KpI'IT[qecKI4e pa3Mepbl

MeJrKO3aJrefaroul4x r4oHHO-IIMnnaHTI4pOBaHHSTX O6lacrefr' npu KOTOpbIX

cyruecTBeHHoe B]rt4flHve Ha ux (f oplr',rr',rponauue B qacTl{ KoppeKIII4lI



Merarryprr4qecKoi rpaHnrlbr 6ylyr oxa3hrBarb MexaHr,rqecrr4e r.t

3JreKTplltrecKr4e noJrr, cBt3aHHbre c npucyTcTBI4eM MacruIpyotUero cros.

llparrrrrecrar 3Haqr.rMocr6 pa6orn 3aKJrroqaercr B ToM, qro

IloJryrreuubre p$yJrbrarrr uoryr 6rrrr [prrMeHeHbr npu pa:pa6orre r.r

r{ccJreAoBaHr,rr4 npoleccoB I.ronnofi r.rMrIraHTaIIur4 rrpr4 r{3roroBreHrrr4

crpyxTyp MrrKpo- 14 HaHo3JreKTpoHr.rKrr. Aaropolr noJryqeHa Mo.qeJrb,

aIeKBarHo onr4crrBilrotrlzu 4u(f$ysuoHnrrfi npo$zlr npr4MecH6rx aroMoB

MbIIIIB'KA vcjroBurx ycroftuuooro pa3AeJreHI,It KoMnoHeHToB

paAr4aur.rouHr,rx nap (Dpeurelr Ha rpaHr.rqe pa3AeJra Sa: crpynryprr SiO2-Si.

Kpoue roro, 6rrln onpegeleHhl Kpr.trr4qecKr.re pa3Mephr MeJrKo3aJrerarolqrrx

r{onHo-rrMrrJraHTr.rpoBaHHbrx o6racreii, flpn Koropbrx na r.rx QopuupoBaHr4e

6yAyr ora:urarr cyrqecrBeHHoe BJrr.r.{HLre MexaHr4qecKr4e r4 3reKTpr4qecrlle

rroJlt, cBf3aHHLIe c [plcyTcTBxeM MacKr4pylotqefo cJrot.

flo.rryuennue aBTopoM pe3yJrbrarhr lroryr 6rrrr HclonrfoBaHbr npn

paspa6orre u uccJre1oBatuv rexHorotliqecKr.rx npoqeccoB lronsofi

I,IMnJraHTarIuI4 B opraHr43arlrlllx PAH,

srexrpoHnoft npoMBrrxJreHHocru: @THAH

npoQr.rrbHr,rx

PAH, I4@TI CO

A.@. I,Io$$e, AO (HI{I4M3), IIAO <Murpon>.

opfaH143arlnrx

PAH. @TZ uv.

C;re4yer orMerr4Tb 6o:rlryo npoAeJraHHyro pa6ory ,qr4ccepraHTa B

o6lacrlr MoAeJrllpoBaHr.rf, flpoqeccoB o6pa:onanux .qe$eKToB u ux pupfyzuu,

rrocraHoBKe gKcnepr{MeHToB, B Koropbrx 6uru onpeAereHbr KrloqeBr,re

napaMerpbr na6.nro4aeltrx sQQeKToB.

O.qnaro B xoAe o6cyx{.qeHr.rr pa6orbr 6Hr srlssreH r{ ptA HeAocrarKoB,

Koropbre naoNno cQoprrayJrr,rpoBarB B Bane creAyrouux gaveqaszfi:

1. Zverorcs He3Haqr{TeJrBHbre 3aMeqaHr4r K o(bopMreHllto pa6orrt.

Hanpuuep, ua crp. 23 v c'tp. 32 c:rono <6op> HalrucaHo c 6o;rrIrrofi 6yrnrt.

Ha crp. 47 uueercx cclrJlKa Ha plrc. 1, Koroporo Her B pa6ore, no-Bl.r,quMoMy,

aBTop r{MeJr B BLtAy prtcyHoK 2.1 .



2. B r:rase 4 ltogeluponanl4e npoBeAeHo AIrx pflna guaqeunfi 180 nu, 90

iru. 65 nnr, 45, ttv.,32 :av,,22 HM, coorBercrByloqero ptqy npoeKTHI'IX HopM

yEHC. Teu He MeHee, paccMoTpeHHbre n grofi fJraBe 3Hep[.l4r4 I4MIIJIaHTaUI4II

npr.rBoAtr r r:ry6une rerupoBaH[.s, rpe6yerraoil n 4opoxnoii Kapre aJrt

coorBercrByloql{x rexHoJror[qecKr4x npoueccos. EHro 6u unrepecno

paccMorperb pe3yJlbrarbr, orHoctul4ect r< cy6-10 rsB ,quara3oHy euepruit

I4MNJIAHTAUI,IH,

3. B r.nane 4 npone4en pacqer 3HaqeHufi notts Bo BcKpbITbIx B MacKe

oKHaX, Ho He npoBeAeH pacqeT noTeHIII{aJIa, TaKxe He BbIIIoJIHeHo cpaBHeHIIe

pByJrbTaroB c AaHHbrMI4 3KCnepI{MeHTOB I43 JlHTepar)?BI'

Hecuorpr Ha orMeqeHHLIe He3HaqurerbHhre HeAocrarKII,

Ar4ccepraur{oHnar pa6ora EapaHora f.B. [pol'I3BoArrr noJIoxI'ITenLHoe

BlerraTJreHrre LI flBrrseTCs 3aBepIIIeHHBIM HayqHbIM IlccJIeAoBaHI'IeM. Teua

pa6oru noJrHocrlro coorBercrByer nacflopry Hayuuoft cflellua!-IbHocrl4, no

roropofi npoxoAl4T 3a II{Ta, a pe3yJrbrarBl ,uuccepraul'Iu uMeror BDI(Hoe

Ha)n{Hoe I,I npaKTlrqecKoe 3HaqeHlle. Cuuraeu, uro pa6ora BLInoJIHeHa Ha

BbrcoKoM ypoBHe, orBeqaer ncelrt rpe6onaul4sM, npeAT'{BJIteMbIM BAK r

KaHAr4AarcKofr nuccepTa\utl Ha coI4cKaHI4e ) reHI'Ix Crenenefi cornacHo n'9

<flo:roxeHu-t o flpucyxAeHnl{ yrleHblx cteneneft>, yrBepxAeHHoro

rocraHoBrleHl4elt flpannrelrcrna P@ (l\b 842, or 24 ceum6pr 2013 r')'

AaropeSepar AocraroqHo rroJIHo 14 tcHo orpaxaer co'uepxaHl{e

Ar4ccepraul,IoHnofi pa6oru, a ocHoBHbIe rry6nuraquu Iro relue AHccepraIII4I{ B

nonnofi Mepe pacKpblBaror ee cyrb' BrtsoArt I{ fioJloxeHlzt' BbrHeceHHbIe Ha

3arqr4:ry, norHocrblo coorBercrBylor noctanlenuofi 3aAaqe 'ql4ccepraul'tu'

o6ocrosauHo cJreAylor I{3 pe3yJlbraroB npone4euuofi aBTopoM pa6orsr'

Perylrrarn 4IaccePraquonnoft pa6orrt 6nlu PaccMorPeHbI Ha

Ha) {HoM ceMr{Hape @TI4AH PAH <flepcnerruenHe rexHoJIorI{I4 t4

ycrpoicrra MI4Kpo- rr HaHo3JlerTponuru> 05 uot6pn 2017 r'' a Hacrosuufi



/ 
or3r,IB 66ri'I oAo6peH Ha 3ace!:a]f.],.,u Y.{eHoro conera @TI4AH lliv. K.A.

Ba.,rraena PAH 28 no.r6pr 2018 r., npororon Ns 7-018.

Cvuraeu, uro BapaHon flre6 Blagur,ruponuv, 6e:yclonuo,

3acJryxl4Baer flprlcBoeHl{fl eMy creneHrl RaHnv1ara Qurrro-uareuallrlecKxx
HayK no cneUl4iulbHocTll 05 .27 .0I - TBep.qoTeJrbHa;r 3JreKrpoHr.rra,

paAno3neKTpoHHble KoMIroHeHTbr, Mr.rKpo- H HaHo3JreKTponura, npu6opu ua

KBaHToBbrx e$$errax.

raug. Slrs.-uar. uayr,

c. u. c.:ra6. MCCII

M-qroHrrnx A.B.
/2h''-'-

CeeleHnr o Jrr4rle, yrBep.qlrBrxeM orsun: ,Ilyruven Bla4rauup (Degoporuu, 9.n.

r<opp. PAH, 4-p Qrlt.-lrar. HayK, ArzpeKrop @TZAH r.ru K.A. Bzuruesa PAH,

a4pec 117218,Poccul. r. Mocrna, Haxvuoncrcuff npocn.,34, Ten.: +7 (499)

129 -5 4-92, e-mail : lukichev@ft ian.ru

Cne4eHru o cocraBr{TeJre or3brBa: MqroHrx[x AHgpefi Baleprenuu, rau4.

Sz:.-uar. HayK, crapurufi nayrur,rfi corpyAHnK m6.

Mur<pocrpyrryp lr,poBaHur u cy6uutcponurx npu6opon OTI4AH uu K.A.

Ba,rresa PAH, a4pec 117218, Poccax, r. Mocr<na, HaxuvoscKnft npocn., 34,

Ten.: t7 (499) 129-55-08, e-mail: miakonliikh@ftian.ru


