
Orsrrn
o{zqraanbHoro orrroHeHra,{ynaencKoro M. C.

Ha Ar4cceprarluoHFryro pa6ory Xacas P.P.

<3rcnepuMeHTaJrbHar ycraHoBKa AJrr rrprMoro na3epHoro MrIKpo- rr

rraHocrpyKTypr,rpoB aHLrs. pemeQa rroBepxHocrrr rBepAhrx reJD),

rrpeAcraBneHr{yrc Ha corrcKaHrre yrenofi creneHrr KaHArrAara rexHLIqecKLIx HayK no

creqrrErJrbHocrrr 01.04.01 - <flpu6opbr 14 MeroAbr eKcrreplrMeHr€trlbnofi Qu:zrn>

Ha ceroAn.f,uJHzfi AeHb na3epHoe n3JrfreHLre arrznnefi[r]rM o6pasorvr

r4cnoJrb3yeTc.[ Arrfl, rrp]rroToBJreHr4f, pa3Jrr{rrHbrx HaHocTpyKTypLrpoBaHHbrx

Mareprr€uron. JlarepHbre ucrorrHr,rKlt AocraroqHo rrrr4poKo rrpkrMerrrrorc.f, AJLI MLIKpo-

n HaHoJrLrrorpaQzz, 3arrucr{ 6psrroncrzx peureroK, Qoprr,rupoBanws
rroBepxHocrHbrx HaHocrpyKTyp u r.rr. flpuueneHue HaHocrpyKrypllpoBaHHbrx

Marepr4aJroB B pa3nwrHhD( o6nacrn<, Harrpr{M€p, n MarrrlrHocrpoeHl,Il4 TIpLIBoATIT K

ynfrrueHkrro KoHcrpyKrIrroHHbD( cBoficrs Marepr{aJloB, I43MeHeHIaro rerrJroBbrx }I

snexrpoQkr3lrqecKlrx cnoficrB rroBepxHo rlr, B gHeprerr4Ke - K yBeJrLrqeHlrro KnA
TBepAooKcrrAHhrx rorrJrkrBHbD( gJreMeHToB, gHeprosQQerrunHocrr4 HaKorrlrreteit u
upeo6pasosarerefi gHeprlru. Bce 9To cBrrAerenbcrByer o neo6xo4nMocrrr

parpa6orKrrr rrpocrbrx u eQQeru{BHbD( MeroAoB rroJrfreHr4r crpyKryp Mu o- a
HaHop€t3MepHoro uacuna6a, a raKr(e uccneAoBaHrrf, rlpoqeccoB rr MexaHr43MoB,

o6rscngroqrx o6pa":oBaHlre raKr{x crpyKryp.
B cBs3lr c orr,rM, arcryaJrbrrocrb Arrcceprarluonnofi pa6oru Xacaa P.P.,

uocssqeHHofi r4ccneAoBaHrrro Qoprr,rnpoBaHr/rfl MlrKpo- u HaHocrpyKryp Ha

rroBepxHocrn rBepAbrx reJr nplr o6rryreHvrur vMrryJrbcaMlr HaHoceKyHAHhrx Jra3epoB,

HC BbI3bIBAET COMHEHU'.

llayvnar HoBrr3rra Ar4cceprarlraonnofi pa6oru 3aKJrroqaerct B ToM, rITo

aBTOpOM BnepBbre pa3paooTaHa pr co3AaHa sKcrreprrMeHT€urbHarr ycTaHoBKa An[
peuru3ar\uv MeToAa rrprMofo na3epHoro HaHocTpyKTypr{poBaHufl. noBepxHocTl4

TBepAbD( TeJr, Koroparr rro3BoJrrer o6nyrarr o6paaqu HenoABLDKHbIM ulru
cKaHLrpyroquM rrrrKoM HaHoceKyHAHbD( na3epoB.

,{ocronepHocrb rroJryrreHnbrx HayrrHbrx pe3yJrbraroB o6ecne.ruBaerct

r{crroJrb3oBaHueM o6rqeugeecrHbrx aHurnrnarecKl{x MeroAoB, BblcoKoroqHoro

coBpeMeHHoro Lr3MeprrreJrbHoro o6opyloralaurn, MeroAoB npoQluroMerppll{,

aroMHo-cranonofi MLr{pocKorrun (ACM), a raK)r(e AocraroqHo 6omruuvt

KoJrlrqecrBoM qpoBeAeHHbD( zsuepenuft .

IlparcrnvecKafl rleHHocrb pa6oru 3aKJroqaercr B npeAno)KeHHoM npocroM

ra sSQerrLrBHoM MeroAe nprMoro Jra3epHoro HaHocrpyKTypnpoBanvIs., rcoroprrft

rrMeer oAIry craAr4rc o6pa6orrz v He ucnonb3yer AonoJrHVTenbHbD( ycrpoficrn

HanoAo6ze nrJrbr cKaHrrpyrorlero 3oHAoBoro MrrKpocKorra u r.[, KaK pflA



rrpeAnaraBrrruxcr paHee MeToAoB HaHocTpyKTypLIpoBa]F.Lrfl. ZcnolrgoBaHLle

HaHoceKyHAHoro ArF-nagepa c Aocraro Ho ropotrcofi Alzuofi BoJIHrI n 193 HM B

KarrecrBe ucrorrHrlKa u3JrJnreHr{f, no3Bonser o6pa6arunarr 6onsuofi ua6op

MarepLT €tnoB c pa3nzrIHbIMrI QnszuecrcuN,tlt c sofi crBaMI{.

B TeKcre Akrcceprarluonnofi pa6orrr, Koroparl cocrorlT t43 BBeAeHI{I, rlerblpex rJIaB,

3aKJrroqeHus. vr crmrcKa ucrroJlrsyeuoft nl,ITeparypbr.

Bo BBeAeHI{rr o6ocnosaHa aKTy€IJIbHocrb

Bce sarqzulaeMbre noJroxeHLrfl.u BbrBoAbI pa6oru o6ocnonaHbl I4 kI3JIo)I(eHhI

nccJreAoBaIJrIS.,

cQopvrynlrpoBaHhr rlenn u ga4aqu pa6orrr, npuBoA;trct ocHoBHbIe 3aIqI4IrIaeMbIe

rroJrolKeHvrfl,, AaHa orIeHKa HoBrr3Hbr pa6oru u KparKo kt3JloxteHo ee coAepx(aHLIe uo

|JTABAM.

B uepnofi rJraBe npuBoArrrc.f, o6sop nureparypbl rlo cyqecrByrorll4M

METO,ITAM TIOJIYqEHU' noBepxHocTHbfx rraHocrpyKryp rrprrMeHeHrIeM

KorepeHTHoro Lr3Jr5nreHrrr. flpu orrncaHvru yAeJrf,ercf, BHI{MaHIre AocrorlHcrBaM rI

HeAocrarKaM pa3nruHbx MeroAoB HaHocrpyKTypnpoBaHLrs,, o6ocnoBblBaeTc.fl

qelecoo6pa3Hocrb rrpvMeHeHrrf, HaHoceKyHAHbIX JIa3epoB BMecro na3epoB c

ynbrpaKoporxofi AJrlrrenbHocrbro uMrrynbcon (nuro- u Qennroceryn4nrrx).
Bo nropofi rJraBe paccMoTpeHbl ocHoBHbIe Queuvecrcne npoqeccbl,

Bo3HlrKarorque rrpu o6nyrenuu rroBepxHocrld na3epHblMtl I{MrIyJIbculM}I, a rarcKe

paccMoTpeHbr ocHoBHbre gJreMeHTbr rr y3Jrbr ycTaHoBKu AM npf,Mofo xa3epHoro

H aHO crpyKryp np oBaIJug,.

B rperreft fJraBe rIpLIBeAeIrbI pe3yJlbrarbl onpeAeJleH[t
gKcrrep[MeHTarrbHofi ycraHoBK]r raKlrx KaK : AnureJlbHocrb IaMrryJrbca

na3epa, olpeAeneHrre olrTrrM€LrrbHbfx rrapaMeTpoB IrIIoTHocTrI SHeprI4rI

cKopocrLt cKaHrIpoBaHvIt na3epHofo rrrrKa.
rlernepraa rJraBa Aucceprarlurr nocBsrleHa eKcrIepuMeHTaJIbHoMy

r{ccJreAoBaHrrK) QoprraupoBalrtus. MkrKpo- u HaHocrpyKTyp Ha IroBepxr{ocr}I

repMaHnf,, HLrKeJrf,, cuJrurluAa [JraTLrHbr, HuTpuAa KpeMHI4t, HepI(aBeroule]I cT€rn[ Ll

Tnrana npz o6rryreunm na3epHbrMLr rrMrryJlbcaMu HaHoceKyn4notr AJInreJIbFIocrrI.

Bna.{ane

MeroAllKa

rioMorrlbro

napaMeTpoB

9KCrrMepHOrO

u3lrYrcHlds. kr

orrl4caH IIpI4HqU[ IIp.f,MOrO na3epHofo HaHocTpyKTypLtpoBaEklfl

rrpoBeAeHpll[ gKCnepI4MeHTa, AaJIee [peAcTaBJIeHbI noJI) IeHI{bIe

ACM u upoQunoMerpa zso6paxenza ucxoAHbIX 14 o6nyreHnrrx

n
c

rroBepxHocrefi krccneAyeMbrx Marepr4arroB c MLIKpo- LI HaHopenreQanru. Ha ocnose

gKcrrepl,rMeHTuurbHbrx AaHHbrx rIpeAJro)KeHa ruaccnQllKalll4fl rloBepxnocrHbrx

penreQon, rroryraeMbrx rrplr o6nyrenzrr na3epHblMrr rIMrryJIbcaME HaHoceKyHAHorI

AJrvreJlbHocrrr, Koropaf, BKJrroqaer B ce6g. Irf,Tb ocHoBHbIX TrIrroB penre$on,

xapaKreprl3yrcrquxcr ifopnrotrr u pazuepaMl,I o6pasytoquxcs. crpyKryp, a raK)Ke Irx

[epvoAr4rlHocTbro.



B 3argrrcrrenn[ nplrBeAeHbr ocHoBHbre BbrBoAbr, [onyqeHHble B paMKax

Ar.rccepraquoHHofi pa6oru.

oTMeTLrTb CneAyroqee:

1) B paMKzx Aannofi

B ra.recrBe 3aMerraHnit u KoMMeHTaprreB K ALrcceprallltoHHofi pa6ore Mo)KHo

pa6oru r4ccneAoBaJlocb nos4eftcrnze na3epHoro

o6lyrenur Ha cneAyroqrre Marepr{€t"Jrbr: "reprraHufi, nzrerb, crIJIrIq}rA rIJIarLrHbr,

Ht4Tpr{A 4peMHr{f,, Hep)KaBercIqat crallb Lr rlaTaH". He enoJIHe rlontrno. .{eNI 6rrr
o6ycronnen nu6op uMeHHo raKoro na6opa rvrarepzanon?

2) B Alrcceprarlrru o6nyranzcr o6r€unrre o6paaqu. PaccnrarpvrBaJracb IrvI

aBTopoM Bo3MoxHocrb rrpr4MeHeHrrf, grofo MeroAa 4r.a o6rryrenuIfl, ToHKr.rx ur6Hox

Ha noAnoxrax? BosMoxHo

pa3MepaM " nanocrpyKTypbl

3)B rJraBe 2 aBrop

o6nyreHur noBepxHocrn

HaHOCeKyHAHbIMLI na3epHbIMI4

B gToM cJrf{ae yAzIJIocb 6u nonyqurb "MeHb[rue rro

Ha noBepxHocTz.

BbrrroJrHLrJr cylqecrBeHrryrc pa6ory [o peaJILI3arFu

3aAep)KarrHbrMrr oTHocLITeJIbHo Apyf Apyfa
aMrrynbcaMll c pa3JlrlqHbrMlr AJII{H€IMII BoJIH. A-nrop

oco6o floAalepKrrBaer, rrro raKoe o6rryreHue Aon)KHo cyqecrBeHHo BJILLSTr Ha

xapaKrep u rr,ropQoJrorLrro o6pasyroqtrxcs. rroBepxHocrHblx crpyKryp. O,4naro, o

AUCCepTaTILtU He [pLrBeAeHO Hr{ OAHOTO gKCnepUMeHTaJIbHOfO pe3ynbTrytA C TaKZM

o6nyrennervr. llo.reuy?
4) B xoAe gKcnepuMeHToB no Jr€BepHoMy o6nyrenurc noBepxnocrefi rnep4rrx

ren aBTopou 6ruz o6napyxeHbr HaHocrpyKTypbr - B BLrAe reKcaroH€lrlbHhrx {qeeK

Ha repMaHuLI u B BLrAe gJrJrrrrrTlrqecKlrx HaHoKpaTepoB Ha HepxaBercIqe[ QTaJrv.

Ecrr Jrr,r y aBTopa KaKoe-To o6r.f,cHeHze npuquH Bo3HI{KHoBeHI,II raKux

HaHocrpyrryp?

5) flpu LrccJreAoBaHLru HaHocrpyKTyp, rroJrfreHHblx nzBepHbIM o6rqr.{sHaat

repMaHr4.fl Qtuc.4.10) anrop rpeAfloJraraer, rrro or]I HaHocrpyKTypbl - oKrlclennrrfi

repuanufi. llpnaneK€Lrrlrcb lru MeroAbr xrrMaHarlrrca AJrf, onpeAeneHl,In cocraBa

HaHocrpyKryp B err,rx o6racrsx?
6) Anropy Bo3Mox(Ho crovno 6u px4ou c ACM zso6paxeHuflMr4 rlpuBoAtlrb

npoQzlz ce.reHzft. 3ro 6u yrpocrlrJro Bocrppltrue xapaKTepHbIX Naacurra6oe

penreQa vccneAyeMblx rloBepxnocreft Ao n nocne sosAeficrBvrn.

O4naro, npI4BeAeHHbre 3aMeqalarzr t4 KoMMeHTapuLr He cHlrxaror nayrnofr

rleHHocrr4 ALrcceprarluonnofi pa6oru P.P. Xacas.. Co4epxanue anropeQepara

AocrarorlHo rroJrHo orpoKaer cyrr pa6orbr lr ocHoBHbIe 3alqulqaeMble lorox(eHr4.f,.

OcnosHrre Ha)rrrHbre pe3yJrbraru pa6orbr lr3Jlaralorct n 14 rry6tmaqurx (u:
KorophD( 5 B perleH3lrpyeMbrx )KypHanax rr3 cnucKa BAK). ,{nccepraqlloHHaf,



pa6ora 6una anpo6upoBaHa Ha p€BnruHbrx MexqyHapoAHbrx ronQepenr\r4-flx.

Perylrrarrr pa6orrr ucnonb3yrorc.f, B pflAe HafrHbrx z yre6nrtx opraHI4saqvfi.

flpe4craureHHzlf, Ancceprar\us, rBflf,erc.f, garoHqennofi HayrHo-

rcealnQuraquonnofi pa6orofi, BbrrroJrHeunofi Ha aKTyaJIbHyIo reMy Ha AocraroqHo

BbrcoKoM HafrHoM ypoBHe. Pa6ora coorBercrByer upoQznro ArlcceprallkIoHHoro

coBera, nacropry 3utflBJleHHofi cnequanrnocru (n. 2, 5, 7, 8) " rpe6oeanzrrr,

rpeAbsBnf,eMbrM BAK MunucrepcrBa o6pasonaHus, vr HayKI{ P@ r AVccepraIILIflM

Ha coLtcKaHvre yrenofi crerreHLr KaHALrAara rexHl4tlecKrax HayK (nu. 9-11, 13, 14

"floloxenut o qpucpKAeHr4Lr freHbrx crenenefi" e pe4aKIIurI, yrBep)KAennoft

flocranosneHr4eM llpaezrenbcrBa P(D or 24.09.2013 r. J\b 842 c u3MeHeHzrIMLI or
21.04.2016 r. J\b 335), a e€ aBrop Xacas, Pa4rrazp Propuxoauu AocrollH
rrpLtcBoeHr,rf, yrreHofi creuenu KauAwara rexHzrrecKr/rx HayK rlo cneqlr€ulbrlocrn

01.04.01 - "flpz6opbr Lr MeroAbr eKcnepLIMeHTaIIbHofi Qnsurcn"

C. n. c. na6oparopvvr onruKlr rroBepxnocrlr,

r.Q.-nr.n.

ecrzfi M.C.

flo4nncr craprrrero HafrHoro corpyAHlrrca ra6oputopvu onrrlKlr noBepxHocrl4

@t'rsnKo-TexHuqecKoro Vlncruryra rrM. A.@.I4orfQe,,{yHaencrcoro Mrxaura
Cepreenzqa 3aBepsrc

Konraxrurre .rlarrrrhre :

,{ynaencrzft Mprxaun Cepreennv
(De4epamnoe rocyAapcrBeHuoe 6roAxernoe frpe)KAeHlre HayKlr

Orngnrco-rexnr.recKuft r,rucrr,rryr au. A.@. I4oQQe PAH
19 402I, Canrr-flerep6ypr, yn. florlrrexnuuecxa4. 26
+7 (8r2)292-73-17
Mike. Dunaeffsky@mail. io ffe. ru
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