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KOHAeHCTTpOBaHHOTO COCTOfl HrUr

Qnrnrca

Mareuaru\ecrcuir annapar SparramHoro aHaJrvr3a rorroJrorLrqecrofi

cTpyKTypbr IxepoxoBaTocTr,r rroBepxHocleit, npe.qno)Kennrrfi

E. ManAenr6porou, rlo3BoJrLrn crpor4Tb MareMarkrrrecKr4e MoAenv Su:uuecrzx
npoqeccoB Ha rroBepxHocrtr, cB.f,3aHHbrx c e€ uepoxoBarocrbro. Cpe4n

kTHTeHcI4BHo kI3)AIaeMbIX csoficre Mo)nHo BbrAenlrrb anr6e4o orpax€nnoro

u3lry.rerr.nfl, KaraIII{Tt4qecKLre cnoficrea, TpeHrle v Ap. llocle rur{poKoro

pacnpocrpanenufl. Teopuv QpaxranoB, a raKxe AocryrHocrra cKaHr4pyrotqux

TyHHeJIbHbIX MLIKpocKorIoB (CTM) B rrocJreAHrre ro.qbr rrorBLrJrocb MHoro pa6or,

B Koropblx paccMarprlBalorc.fl SparranrHbre 14 cB.rrcaHHhre c Hr4Mtr Szauuecrue
ceoficrna rloBepxHocrefi, a raKxte MeroAbr co3AaHLr[ kr r4ccneAoBaHLrfl.

noBepxHocreft.

Hanopa:rvrepHble rlo ronrqr4He rrJreHKLr pa3nurrHbrx MarepnaJroB HaxoArr

lrl{poKoe [puMeHeHue Bo Bcex HanpaBJrenLrflx HaHorexHoJroruu. Oco6ufi

I{HTepec rrpeAcraBJl.llor co6ofi uMeHHo HaHopa3MepHbre rrJreHKr4 c Sparra-rrrnofi
crpyxrypofi, [onyqaeMhle B ycnoBpIrx caMoopraHkr3ar\prLr, A€rneKlrx or
paBHoBecHbIX. Ceoficrna TaKLIX fIJIeHoK, KaK ofITLIrIecKue, TaK vr

elerrpo$rBLIqecKlre, cyulecrBeHHo orJrkrqarorcr or Lrx o6rrqnrrx

HaHopa3MepHbrx aHarroroB. Heo6xoAr.rMo orMerrrrb cyrqecrByroqyro

3aBLIctIMocrb MextAy Mop@ororuefi noJrfraeMbrx rrJreuoK rr oco6enuocrflMLl

Tex.IroJlorurlecKux pe)KI4MoB Lrx rroJrrreHLrr, qTo oTKpbrBaer onpeAeJreHHbre

nepcneKTIIBbI B HaIIpaBneHIII'r [OnyqeHlrr rrJreHoK c 3apaHee 3aAaHHbrMr4

csoficrsal4u.

I{elrro 4aHnofi pa6oru -trBJrrJrocb gKcrreprrMeHTarirbHoe krccJreAoBankre u

Teoperur{ecxufi alglanu3 vropoonorlrqecKux v Qparranbnrrx xapaKTep}rcrkrK



MET€LIIJIUqECKI{X

noBepxHocTrx

MkrKpocKorruv.

rrJreuoK (:onoro,

(cmo,4a, crerno)

xpou) Ha AuoJreKrpkrqecKkrx

cranupyrorqeft ryunelrnofi

cepe6po,

METOAOM

(Qunrrpa\uu), ronyqeHHbrx Ha CTM.

B3alrMoAeitcrsus ocrpufl 3oHAa c

Ha ocnose qlrcreHHoro MoAenkrpo BaHLrfl

rroBepxHocTbro olpeAeneHa ToqHocTb

3HAqHMOCTb

B pa6ore AnroHoea ArexcaHApa Cepreenraqa olLrcbrBaercr MeroAvKa

rroAroroBKr{ o6pa":qon Anfl coxpaHeHurr znSoprvraqruE o6 oco6ennocrsx

' uopSonoruu orAenbHbrx o6rerroB noBepxHocrr4 Anfl, vr3ytrelnvrfl, Sparra-rrrHux

csoficrs c rroMorrlbro CTM. Ouzcanrr MeroAbr o6pa6orrz ra:o6paxenzfi

BoccraHoBJreHkrr rorroJrorvu penre$a. Ha ocHoBe rrLrcJreHHoro MoAeJrLrpoBaHufl

rrporeKaHLrf, TyHHenbHoro roKa MexAy 3oHAoM vr rroBepxHocrbro o6pasqa

rrpoBeAeH aHaJrr43 rrofperxHocTeLr locTpoeHurr BoJrbT-aMnepHor4

xapaKrepkrcrurKLr (BAX). PaccrraorpeHbr MeroAvrKu orpeAeJrenzx Sparramnofi
pa3MepHocTLI IIoBepXHocTLI H KJIaCTepOB qaCTI4II.

TeoperuqecKaq u rrpaKTlrqecKafl

TeopernvecKarr vr npaKTlrqecKat 3HarrrrMocrb pa6olrr o6ycnorJreHa

pa3paoorKo14 METO,IILIKI4 TIOJI'YqEHLI'I MCT€LIIJIHIIECKLIX NJIEHOK HA

Ar4sneKTplrqecKoLr noBepxHocTr4 c KnacTepHor4 cTpyKTypolr. [oBepxHocTr4

MeTOAOM TepMOBaKyyMHOfO VrCnApeIILrfl 14 KOHA9HCAT\W C qenbro COXpaHeHLrt

zHSoprvraquu o6 oco6ennocrrx rr,rop$onorHu orAenbHbrx o6lerroe

rroBepxHo crvr Anfl, u3y.teHtrs, vrop$onofl,rrrecKlrx n SparrarbHbrx xapaKTepr{crkrK

c [oMorrlbro cKaHr4pyroqero ryHHenbHoro MlrKpocKona. Kporvre roro,

Teoperlrqecrnfi H rrprrKJra4Hofi LrHTepec npeAcraBJr-rer u31^{eHue orAenbHbrx

yqacrKoB npofurr u noBepxHocrLr HaHonoKpstruir 3onora u cepe6pa Ha

HaJrur'rue $parra-urnrrx crpyKTyp v vccneAoBanvrev. BoJrbr-aMuepnofi

xapaKTepvrcrvKvr ryHHenbHoro KoHTaKTa Mer€LlrJr-Mer€Lrrn Anr HaHonoKpstruit.

3oJrora, cepe6pa v xpoMa c ocrpueM u3 nomfipaua. B pa6ore

upo.qeMoHcrpnpoBaHa [epcleKTr4BHocm o6lerroB zccJreAoBaHur B KarrecrBe

6azs Anfl gJreMeHToB Mr{Kpo- v HaHogJreKTpoHZKr4, B qacrHocrlr Ans.

rrcrroJrb3oBaHus TexHoJrofr4r4 (Bbrparqr4Ballufl>> cTpyKTyp c 3apaHee

rrporHo3lrpyeMbrMr4 ceoficrsaN4lr. flpe4roxen v aupo6rapoeaH rroAXoA rro

MoAenr4poBaHr.rro MeToAoM Monre-Kapno c r4crroJrb3oBaHEeM MHoroqacTr4trHoro
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roreHrluzua fynra B3auMoAeircrsnr clrcreMbr 3oHA (rrrear) - o6pa":eq (:oloro)
rlpv TepMrrqecKoM pacrrrkTpeHnvr B 3aBlrcrrMocrra oT paccTorHrrr Me)KAy H.I1''j0ldLI

An.a AByx ronSzrypa\uir oarpurfl; crepx(eHb Lr KoHyc Ars nporHo3r4poBaHlr{

IIOBeAeHLITI 3OHAa B [IpoqecCe 3KcIIepuMeHTa V YIeTa 9TOIo IIpu aHaIILI3e

p$ynbraroB. flonyrenHue pe3yJrbrarbr Mo.qenupoBanLrfl. MoryT 6rrrr
LICIIOJIb3OBaHbI An[. CpaBHeHr4f, C AaHHbrMLr, rroJryqaeMbrMLr B paMKaX

TepMoAl4HaMlrrrecKoro rroAxoAa K LrccneAoBaHlrro puBMepHbrx 3aByrcilnaocrefi

TeMrreparypbr rrJraBJreHr{r, u nporHo3rrpoBaHlrr ycronzft Anfl rrprMoro

SKCIIepLrMeHTa.

Hayvnaa HoBlr3Ha pa6oru cocrolrr B cJreAyrouleM:

l. flpone4eno KoMuneKcHoe lrccneAoBaHvre upoQurx u noBepxHocrr4

HaHonoKpurufi 3oJrora u cepe6pa Ha Harrurrlre Sparranrnrx crpyKTyp,

onpeAeJreHbr coorBercrByroque SparramHue p€BMepHocru, a raruKe

rlocrpoeHbr rrrcrorpaMMbr paclpeAeIrenurs. BeposrHocrkr o6napyxennr Ha

rroBepxHocrrl Mer€urJrLrqecKprx nJreHoK crpyKTyp c onpeAenennofi SparranrHofi
pa3MepHocrblo npo$unr n rroBepxHocrrT;

2. [tts o6pa:qon (3oJroro Ha cJrroAe), <<cepe6po Ha cnro.{e) olpeAeneHbr

Saxroprr, BJIHrIoIque Ha SoprvrrapoBaHl4e penre$a o6pasqa c Sparranrnofi
crpyKTypofi. @arropaMr4, Bnr4rrro[Ir4Mr4 KaK Ha ronrqvHy nonf{aeMbrx rrJreHoK Lr

ee pelre$ (ynenuuuBaercfl cKopocrb pocra Lr crvrfllaprr ocrpoBKonrrx ulenorc),

IIJIOTHOCTb CTpyKTypbr rBJrrrOTCr CKOpOCTb OCa)rCAeHHrr HaHOqaCTUTI Ha

ALTsneKTpLrqeCKyrO rroAnoxKy rr TeMnep uryp a noAno)KKLr ;

3. flpone,qenHoe LrccJreAoBanvre BAX KoHTaKTa Mer€rrrJr Mer€LrrJr Arrfl

o6pasqon 3oJlora, cepe6pa u xpoMa c ocrplreM z3 aoruSparraa rroKa3brBaer

neo6xoAuMocrb rrr{arenbHoro KoHTpoJrt rrapaMeTpoB, BJrLrrrcuIUX Ha

TyHHenbHrrfi rox rrpkr non1..renuu u:o6paxenufi uonepxHocrLr Mer€LrrJrlrrrecrofi

rrJreHKrr Orueueno,

BeflnqplH, cpaBHkIMhIX

Bo3HrrKHoBeHr4e rasuHoo6p€BHoro npoqecca renJroBoro pacrxr4peHvrfl ocrpvrfl,

K BO3HLIKHOBEHI4IO

o6pa:qa;

qTo TelroBoe paculrpeHlre

c ruupunofi TyHHenbHoro

ocTpprr Mox(eT AocTZfaTb

rrpoMe)KyTKa, v Bo3Mo)r(Ho

rrpr{BoArrrlefo

rroBepxHocTbro

KOHTaKTa MeI{.qy OCTpLTeM 3OH.qa U



4. flpone4euo MoAeJrr{poBaHvre MeroAoM Monre-KapJro c rrcrroJrb3oBaHpreM

MHoroqacruqHoro rloreHl{rl€ura fyura B3ar{MoAeitcrnus. B cLrcreMe 3oHA (rvrear)

o6paseq (:onoro) rtpu repMLrrrecKoM pacuLrpeHLrr4 B 3aBrrcLrMocrrr or

paccrorHuf, Me)KAy HuMrr Anr AByx xon$urypa\uit ocrplrr: crepxeHb u KoHyc.

llora:aHo, rrro xapaKTep rerrJroBoro pacuupeHLrr ocrprrr rro orHorueHvK) K

InlrpvrlJe TyHHenbHofo rrpoMex(yTKa Mo)KeT rrpt4BoAt4Tb K Bo3Hr4KHoBeHlrro

KoHraKra Mex4y ocrprreM 3oHAa u noBepxHocrbro o6pa:qa.

Crpyrcrypa Arrcceprarlrn

,{zccepraqvonnas.

ocHoBHbrx pe3yJrbTaToB rr

lon) reHHbre pe3yJrbTaTbr, rrpoAeMoHcTpr4poBaHa vrx Har{Ho-[paKTzrrecKat

rleHHocrb, a raKnte rroKa3aHbr ,rx o6ocnosaHHocrb kr AocroBepHocrb,

IIpIIBeAeHbI IIOJIOX{eHUT, BhrHOCLrMbre HA 3aIIILITy, U KpaTKO II3JIO)KeHO

coAep)KaHr4e pa3AeiroB AuccepTar\vu.

B nepnoft rJraBe rrpeAcraBneH o6:op pa6or B o6nacrz Lr3yrreHkrfl,

rr,ropoonorlrqecKlrx, SparcranbHbrx xapaKTepncrlrK [oBepxHocreit pt KJracrepoB

HaHOqacTUrI, a TaKX(e XapaKTepr4cTLrK TyHHenbHofo ToKa MexAy 3oHAoM Lr

o6pasqorvr. [ttx olpeAeneHLTr rorrHocrlr BoccraHoBJreHr4r penre$a rroBepxHocrr4

c noMorrlrro CTM [poBoArrrcfl, -tvcreHHoe MoAeJrrrpoBantre B3alrMoAeitctrlufl,

3oHAa c roBepxHocrbro o6pasqa. PaccuorpeHrr MeroAhr o6pa6orxu

uso6paxenzfi rvrzrpoSororpa $ufi aw y Aanenkrfl rryMoB Lr Apyrrrx ucxaxenv fi .

Bo aropofi rJraBe olprcaHbr rrplrHrllrrrbr pa6oru CTM kr rroAroroBKrl

o6pasqon u 3oHAoB. llpuno4xrc-x pe3yJrbrarbr rrLrcJreHHoro Mo.qenr4poBaHufl

B3aLrMOAeVCTBprfl 3OHAa CT4JTOBO|O TyHHenbHOfO MLrKpOCKOrra C rrOBepXHOCTbrO

o6pa:qa Anfl crrcreMbr MeAb (:ona) 3oJroro (o6paseq). flpune4eurr

pa6ora

BbIBOAOB,

cocToHT Lr3 BBeAeHI4f,, qeTblpex rJIaB,

rrpkrnoxenvrfl, a raKxe cllrcKa qurupyeuofi

Jrlrreparypbr, BKJrroqarorlero 255 :r'auvtenosaHHft. O6rerr,r pa6oru cocraBJrfler

198 crpaHr{rl, BKJrroqaA72 r{nJrrocrparJutrn 5 ra6twl.

Bo BBeAeHrrr{ rroKa3aHa aKTy€rJrbHocrb reMbr ALrCCepTat\HV, [pUBeAeH

coBpeMeHHoe cocrorHlre

Koropoe Aalrtlr'afl, pa6o'ta

rparrzfi o6sop crareit, orrr4cbrBaron\vir KaK

uccle4yeuofi o6tactu, TaK vr KoHKperHoe Mecro,

3aHlrMaer e Hefi. C@opuyru4poBaHbr rlenu u 3a4arryr Ar4cceprarlrlr.r, lepequcJreHbr
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pe3ynbTaTbr rro orIeHKe pa3MepHofo r4 TeMrrepaTypHofo LrHTepBana rrrTaTHoro

SyHrcqzoHllpoBaHar CTM Anr r,r3fr er'trr^ orAeJrbHbrx fracrKoB roBepxHocrz.

Tpeux rJraBa rrocB.trrrleHa ollrcaHr.rro gKcrrepraMeHT€urbHbrx

' Soprr,rupoBaHlle penre$a o6pa^:qa. flpone4eno uccneAoBaHlre BoJrbr-aMnepnofi

<<cepe6po Ha cnroAe), (xpoM Ha creKJre>, a rarcKe Sarropon, BJrrrrrorqux Ha

xapaKreprairurz (BAX) KoHraKra MerarrJr - MerarrJr prx o6pasr{oB 3oJrora,

orlpeAeneHurr Qpaxra-nrHofi pa3MepHocrlr o6pa:qon (3oJroro

HeooxoAl4MocTb TulaTenbHofo )nleTa IIapaMeTpoB, BnlItrcIqllrx Ha

ToK, AJrr Lr3BJreqeHun SuzuuecKkT a.qeKBarHofi zn$oprvraquu o6

crpyKType o6pa:qa. llpone4eHo cpaBHeHue pe3ynbraroB

cepe6pa lr xpoMa c ocrpr4eM rr3 nonrQparraa. llpu oroM 6una noArBepxAeHa

Qparcranrnofi pa:uepHocrur ans CTM LT aroMHo-clrJroBoro MlrKpocKoua (ACM).

[ocronepnocrb pe3yJrbraron pa6oru o o6ycJraBJrr Baercfl :

t. Kopperrnocrbro TIOCTAHOBKLI 3AAAqLI 14 CIIOJIb3OBAH}ICM

coBpeMeHHoro npoMbrrxneHHoro o6opy4onaHkrfl, CTM (yMKA 02G>> Lr

cKaHupyrorlero 3oHAoBoro Mr{KpocKorra MFP-3D B pexr{Me ACM lrlr
[onf{eHl4rl ocHoBHbIX pe3ynbraroB rro LrccJreAoBaHr4ro rr,ropQorolnqecKlrx 14

Qparcra-urHbrx xapaKTepr4crr4K.

2. flpone4ennofi nepzQvraquefi pr suruila\uefi rporpaMM,

Lrcnonb3yeMbrx rrpr4 qucneHHoM MoAenr4poBaHuu. florenquaJr B3auMo4eitcrnux

anpo6uponan, [oJlfreHHbre aBTopoM pe3ynbrarbr MoAenr{poBaHvrfl

TepMlrqecKoro pacrrrupelans. ocrprrrr Anr pa3nuqHhrx ronQurypa\uit ocrplrt

(crepxenr, roHyc) cornacyrorcr c Lr3BecrHbrMLr gKcnepLrMeHT€LrrbHbrMLr

AaHHbIMLI LI AaHHbIMLI KOMTIbIOTepHbIX 3KC[epI4MeHTOB Apyrux aBTOpOB.

Pesytrrrarrr pa6orur 6sttu AoJro)KeHbr Ha pocczficrnx u Me)KAyHapoAHbrx

xon$epenqurx. llo MarepnaJraM Auccepralquu ouy6nuroBaHa 2l reqarHat

pa6ora, vr3 HLrx 9

peKoMeHAoBaHHbrx BAK

pefLr cTparlr4r4 rrporpaMMbr

crareft B peueH3upyeMbrx HafrHbrx vrs4artkrflx,

PO, v oAHo cBlrAerenbcrBo o rocyAapcrnensofi

na 3BM.

OcHoeHHe Haf{Hbre rroJro)Kenut pa6orbr, a rarcKe coAep)Karqpreefl s Hefi

pe3yJrbTaToB

Ha cJIIOAe>,

rynnelurrrfi

ererrponnofi

orrpeAeneHLrt

BbrBoAbI, He BbI3bIBaIOT COMHeHkrkt.



I{Drerorcq cJreAyroq[e 3aMeqannfl no pa6ore:

1. B nepeofi rJraBe upzne4en aHanu3 6omruoro KoJrLTrrecrBa LrHTepecHhrx

nr4TeparypHbrx AaHHbrx B qacru coBpeMeHHoro cocrorHrrrr Borrpoca. Ho ec€ xe

Jlfrrue 6uro 6rr crpyunLTpoBarb ux rro paccMarpuBaeMbrM B ALrccepraquoHnofi

pa6ore BorrpocaM c ynoMuHaHHeM ToJrbKo nan6onee 3Haq[Mbrx Aocrkrx(euuil

2.

CCJILI

He cre4oBurJro 6rr rar no4po6Ho orlrcbrBarb npuHrlnn pa6orrr CTM,

Ilenbro paboru He flBlrflercfl. co3.qaHLre nosoft ycraHoBKlr vrlrkr ee

MoAepHr.r3arJvrfl..

3. B pa6ore [paBunbHo orMeqeHo, rrro craHAaprHbre nporpaMMbr

IIpeACTaBJIeHII{ pe3ynbTaToB Lr3MepeHVIfl. TOITOJTO|LTU TTOBepXHOCT}r [pOBOA.f,T

Sunrrpaquro zso6paxenna, B cBfl3vr c grLrM 6uro 6u krHTepecHo roH-srb

HacKoJIbKo o6pa6orra u:o6paxenzx Mo)Ker rroBJrLr.rrrb Ha Qparranrnyro
pa3MepHocrb.

4. He orpeAeneHHa rorperuHocrb Kax(Aoro s$Sercra B orAeJrbHocrkr,

Koropble BJrlrrror Ha roqHocrb BoccraHoBJreHlrrr penreQa noBepxHocrb c

noMorrlbro CTM. Heroroprre sQQerrbr MoryT 3HarrlrrerbHo rpeBocxoALrrb rro

crerleHl4 BIrLrflHkrs. Bce ocr€urbHbre, rrro cAeJlaer 6eccvrtsrcJreHHbrM paccMorpeHr4e

IIOCJIE.UHLIX.

5. Cne.uosano 6u rroApooHee orucaTb MeToArrKy KoMrrbK)TepHofo

3KCrIeprIMeHTa, TIOCKOnbKy OrrkrcaHl4e B3akIMOAeLtCTBprfl OCTpLI' HfJrbI Lt

noBepxHo crkr flBrrfl.ercr BarKHbrM acrreKToM rrpoBeAeHHhrx uc cneAoB auuit;

6. O6tervr Alilcceprarlru{ 6onrrue peKoMeHAyeMoro (150 rvr/u crpanuq),

coorBercrBeHHo orMeqaercr pflA nero.rHocrefi uo reKcry Aucaeprarluu, B

sneKTpoAHbrx Lr

sneKTpoocaxAeHHbrx MarepLrtlJroB) 6sta 3arrlnrrleHa He B 2016 roAy, a B

2010 roAy.

Brrcrcagannrre 3aMutarrufl. He cHu)Karor rleHHocrrr Auccepraqzonnofi

paSoru AHronoea ArercaHApa Cepreennqa, Koropa4 6ezyc.rroBHo, frBlrflercr'

Haf{Ho-Knanu$zrarllroHHbrM }rccJreAoBaHr{eM, p€r3BuBarcrqlrM Borrpocbr $uzwrcu

KoHAeHcr4poBaHHoro cocrorHr{r. floryrennrre B Ar4cceprarlr{r4 pe3ynbrarbr

o6naAaror HoBrr3Hofi. n lpaKTlrnecrofi rleHHocrbro, ony6rr4KoBaHHbre pa6orn

rIacTHocTLI, AVTCCepTaTIUA

M14 KpocKouzx/ cnerrpocKoru-q

Bacumeea

reTepofeHHbrx

c.Io. <<TynnertrHax
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