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Cu6upcrcoro orAeJIeHvrfl Poccufrcrofi ara4eirar4rr HayK) Ha Ar4coeprarlrroHHyro

paSory llasroea l4vurpux BraAvur,rpoBr4qa Ha reMy <Eega6rsur4oHHaf,

Serr,nocer<yHAHafl JIiBepHafl rreqarb unoroQyHKru4oHanbHbrx rrJr€l3MoHHbrx

HaHocrpyKTyp I4 MerarloBepxHocrefi >, upe4craBJreHHyro Ha cozcKaHr4e yrenoft
crelleHl{ KaHAuAara Snsrar<o-MareMarl4qecKl4x HayK no cnequarrbHocrr4 1.3.19 -

na3epHa.rr Sr,rsuxa

Heyracaloulufi Ha rpor.sxeHl{u MHorrlx Jrer

HaHoorpyKTypaM, cnoco6nulr JroKaJrr€oBarb v
3neKTpoMafHrrTHoe Lr3lyrreHI,Ie, cBI4AeTenbcTByeT o

3Har{I,IMOCTU Vt CyqeCTBeHHOM nOTeHIII4ane TaKr,IX

Qaopr,rKarlnr npv noMouIZ xopouo rr3BecTHbrx LI

nrarorpa$vrr4 vrlrr4 xl4Ml{qecKoro cI4HTe3a ynopflAoqeHHblx MaccrrBoB r43 MrrJrJrrroHoB

rIna3MoHHbIX crpyKryp, rpe6yeMbrx npu npaKrra.recrcofi peankr3arlr4r4 ycrpoficrs s
TaKI,IX o6racr-f,x HayKI{, KaK HaHoQorouwra, uelznefiHaq orrrlrxa, SltoceHcopr,rKa I,r

Ap., cB-tI3aHHa c ptrAoM TexHI{rIecKVX r4Jrr4 oKoHoMr{rrecKHX TpyAHocrefi, vro Aenaer
pa:pa6orxy HoBbIX MeroAoB naHoSa6pvrnarJkrr4, no3BoJrf,rorrlt4x o sbrcoKoft

TorlHocrbro rIpI4 cpaBHIzTeJIbHo HeBblcoKofi crorauocrrl r43foraBJlzBarb Maacr4Bbl

nJr€r3MoHHbrx HaHocrpyKTyp sa 6oluur4x nnou1aAfl x.

[uccepralll4oHHaf, pa6ora llaeroea A.B. nocBqilIeHa paspa6orxe

npeUI43I4oHHbIX MeToAoB I43roToBJIeHvrfl. nruoroSyHKrlnoHanbHbrx rrJra3MoHHbrx

HaHocrpyKTyp v vx ynop{AorreHHbrx Maccr4BoB (veranonepxuocrefi) o

HcrIoJIb3oBaHI4eM Sesa6ruquonsofi Seuroceryu4Hofi na^:epnofi nro4nsrax arJuv

ToHKI,IX rrJreHoK 6naropo4Hblx MeranJIoB I4 r4x crrJraBoB.

I{HTepec K IIJIa3MOHHbTM

MHOfOKpaTHO yCtrJrlrBaTb

errcoKofi npaKTr4rrecxoft

HaHocrpyKryp. O4naro,

orpa6oraHHbrx MeroAoB



{nccepralll,Ifl cocrol4T I43 BBeAeHr,I.q, rlerblpex rJIaB, 3aKrlor{eHkrfl Lr arII4oKa

IIHrI4pyeMofi nureparypbl, colepxaqero 95 6ra6nraorpa$uuecrux ccbrJroK. O6r€v
pa6orrr cocraBJlfler 111 crpaunll, BKJrroqafl ervreoK rlr,rrr4pyelrofi nr4reparypbr r,r3

95 uazrraesonauzfi. Pa6ora coAepxr4r 32 pucyruxa,

Bo BBeAeHuI{ o5ocnosaua aKTyanbHocrb rudpannofi TeMbr,

cSopvryru4poBaHbl I{eJIb vr 3a1avtv Ar4ccepraqzounofi pa6orrr, Bbr,qeneHbr Hayr{Ha.s

HoBI43Ha rI npaKTI.IqecKat 3HaquMocrb nolryqeHHbrx pe3ynbraroB. llprano4arcx
o5:op cyqecrByloull4x MeroAoB co3AaHr,rr SyuxqrzoHaJrbHbrx rrJra3MoHHbrx

HaHocrpyKTYP, o6cyx4arorcr Aocror{HcrBa 14 HeAoararKr4 cyrqecrByroqr4x
noAXoAoB. lIpe4craBJIeHbI rIoJIo)KeHr{fl, BbrHooLrMbre Ha 3arrlLrry, a raK}r(e cBeAeHr4t

o6 anpo6a\vrr4 pa6orrr z crpyKrype Ar4cceprarJvrv.

B nepnofi uase orll4cblBalorc.a ocHoBHbIe sKcnepr4MeHTaJlbHbre MeroAbr,

lIcrIoJIb3oBaHHbIe B pa6ore l^nfl oo3AaHu-f, rrJIa3MoHHbIX MerarloBepxnocreft, a
TaKxte xapaKTepu3arJur4 uopQonorl4rrecKl{x, arpyKTypHbrx, orrrr4r{ecKr4x vr

Heuauefino-onrI'IqecKllx csoficre eAr4Hr4qHbrx rrJra3MoHHbrx HaHocrpyKTyp v vx
ynopflAorreHHbrx MaccrrBoB.

Bo nropofi rJraBe rrprrBoAf,Tc.rr pe3ynbTaTbI C14CTEMAT14qECKI,IX

rccne,4oBa:r.uit' npoqecca oAHol4Mnynrcuofi Qerr,nocexyn4nofi (Sc) nasepnofi

a6r.r.guu ToHKr{x rrJreHoK 6raropo4uux Mer€urJroB (a TaKXe vx
AByxKoMTIoHeHTHbIX cnlanon), o6cyNAalorcf, ocHoBHbIe MexaHr43Mbr v

Susuvecxue rrpoqeccbl, JIexaIqHe B ocHoBe $opvrzpoBaHufl pa3nr4qHbrx rr4rroB

rloBepxHocrHblx HaHocrpyKTyp, a raKxe cnoco6rr yBenr4r{eHr4fl cKopocrlr vx
lasepuofi ileqarl{ 3a cqer I4clroJrb3oBaHvrfl MeroIoB Mynbrr4ureKcnpoBaHr4t

JIa3epHbIX Uyr{KOB.

B rperrefi rrase [pr4BoAtrTo-s pe3ynbrarbr r4acneAoB attuir,

neluHefino-orrr4rrecKI{x CnOfiCre MaccI4BoB nna3MoHHbIX

L{3rOTOBJreHHbrx MeroAoM npeqH3uouHofr na:epuofi [errarr.r Ha

TepMVrIecKI4 TOHKI4X TTJIeHOK 3OJrOTa.

B verneprofi rJraBe o6cyx4aerc-a Bo3MolxHocrb r.rcnoJrb3o Balvrfl

OIITT{I{ECKVX V

HaHocrpyKrYP,

noBepxHocTr4

I43IOTOBJIEHHbIX METOAOM QC IASEPUOfi ICIIATH MACCIB B HAHOCTPYKTYP C

PE3OHAHCHbIM OilTUIIECKZM OTKJII4KOM, CBfl3AHHrIM C NOSSYN4EHI,IEM B

HaHOATpyKTypax KOJIJIeKTI{BHbIX rrJra3MoHHbrx pe3oHaHcoB, B 3aAarrax ynpaBneHzt



3Ml4ccl4eft KBaHToBbIX I43nyqarenefi v AereKTvrpoBaHLrfl cBepxManr,rx r43MeH eHnir

rroKa3aren.q nperoMJreHlr[ sHeil]ueft cpeAbr.

B saxrloqeHlrl{ noABoAf,refl. vrroru flpoAenaHnofi pa6orbr r4 npr4BoA.srcr

naNuefinue pe3ynbrarbl, noryr{eHHbre B xoAe Ar4cceprarlr4oHHoro HccneAoB aHvrfl.

ocHosHoe coAepxaHr4e Ar,rccepraur{r4 orpaxeHo B 9 ry6rzxaqra.ax B

)KypHanax, BXoAf,IrII4x B clrucox BAK u rrHAeKcr{pyeMbrx 6asaNru Scopus n Web of
Science. llpe4cranleHuufi anrope$epar Aocraror{Ho rronHo r4 ror{Ho orpaxaer
c oAep)KaHr4 e Alrc c ep T ar\uv.

Hay'lran HoBI{3Ha 3aKJlroqaercf, B noryrreHr4r4 pfltra HoBbrx HayqHbrx

pe3yJlbraroB, rrerKo o6ocHoerlBaroql4x Bo3Mo)KHocrb I,IcnoJIb3oBaHr4fl MeroaoB

q)eMToceKyHAHofo JIa3epHofo HaHoreKcryprrpoBaHHfl Anfl rr3roroBJre:F'vrfl

oilTl4r{ecKI4 pe3OHaHCHbIX HaHOCTpyKTyp V VX ynop.flAorreHHbrx Maccr4BoB

BblcoKoro KallecrBa, a raK)Ke HoBbrx [Jra3MoHHrrx nlarQopM An.f, peanv3ar]w

ceHcop HbIx ycrp ofr crB rI ynpaBneH r4fl ovrr4ccneft VIK KB aHroBbrx r43nyq arelefi .

1. Bnepnue npoBeAeHbl cl4creMarr.rqecKr,Ie oKcnepr4MeHTaJrbHbre

rlccneAoBaHr4fl rlpoqeccoB a6rrxguu rrJreHoK 6laropo4urrx Mer€urJroB

pa3nurlHofi roluluuu c$or<ycupoBaHHbrvru ServrroceKyHAHbrMr4 Jra3epHbrMlr

I{MnynbcaMkr ) a raKx{e npoAeMoHcrpr,rpoBaHa Bo3Mo xHocrb S opnrrzpo Ba:aLrfl

pa3nI,IqHbIX TI4noB TpexMepHbIX rrJra3MoHHbrx HaHocrpyKTyp (uano-

BblrlyKnocreir u HaHo-ocrprrfr), reoMerpkrefi xoropbrx MolKHo yrrpaBnrrb B

rurrpoKzx npeAenax BapEupyfl. KJrroqeBbre lapaMerpbr na3epHofo

o6ryveuux,

2. Buepnue [poAeMoHcrpl4poBaHo Lr o6rqcHeHo Halrv.vwe y MacclrBoB

HaHocrpyKTYP, I{3roroBJIeHHrIX MeroAoM 6esa6rsrlvoHsofi na^:epnofi

Ilerrarl4, Ilepecrpal{BaeMbrx (reoMerprrqecKr4p) pe3oHaHcoB B 6nraNuefi I,{K

o6racru clreKTpa, cB.s3aHHbrx c KoJrJreKTr4BHbIM sossyxaeHrreM Lr

AecrpyKTunnofr uurepQepeuqzefi noBepxHocrHbrx rJra3MoH-rronflpr4ToHHbrx

BOJIH.

3. Bnepnrte npoAeMoHcrpl4poBaHa Bo3MolxHocrb ycuneHr4fl cnonranuofi
SMVIACIdId HaHOQJIOq KBaHTOBbIX TOqeK TeJrJrypr{Aa pTy'tr4, u3nyqaroqr4x B

6luxHena I4K 4Iaaua3oHe AII4H BoJrH, 3a cr{er r4cIIoJIb3oBaH:|.fl rrJra3MoHHbrx

nnarQoprur, noAAep)KLIBaloql4x KoJTJIeKTI4BHIIe rIJIa3MoHHbre pe3oHaHcbr,

cneKTp aJIbHo cofJlacoBaHHbre co cIreKTpoM r{3nrr eHr4fl KBaHTO BbrX TO q eK.



f,ocronepHocrb [onyqeHHbrx pe3yJrbraroB o6ycroueHa r4crroJrb3oBaHr4eM

anpo6npoBaHHblx MeroArrK HsuepeuHfi; srrcoxofi cre[eHbro noBTopqeMocrr4

pe3ynbraroB; cofnacpleM SKcnepr{MeHTaJIbHbrx pe3ynbraroB kr rrl4cJreHHbrx

pacqeToB.

Hayvnaa il [paKTuqecKar IIeHHocrb pe3ynbraroB 3aKrroqaercr B

pa3Br4Ttrr4 rlpocrblx B I'IctloJrb3oBaHvrk\ uacuna6vpyeMbrx vr BrrcoKororrHbrx

JIa3epHbIX TexHoJlofIafi, losnontrcqzx co3AaBarb nJIa3MoHHbre MeralroBepxHocru

BblcoKoro KarlecrBa AJI-[ onrl,1.{ecrofi xeMo- u 6uo-ceucop?rKr4, orrro3JleKTpoHr,rKr4

LI HeJILIHefiuofi onrLIKI{. B qacrnocrkr, B paSore 6rua peanr43oBaHa ceHcopHa{

nlarQopva, no3Borf,Iolqaq onpeAenqrb oBepxManbre r.r3MeHeHr.rr noKa3arenfl

rlp enoMneHr4fl Ar43 neKTpuqe cxoft cp e4bl 14 perucrp r4p oBarb H arrr4r{r4e ooaxAe HHbrx

cJIoeB roJIUII4Hofi lo 1 uu. Taxxe, e pa6ore BnepBbre [poAeMoHcrpr4poBaHa

Bo3MoxHocrb ycI4JIeHI4f, cnonraHuofi oMI,rccllr4 HaHocJIofl KBaHToBbrx ror{eK

Tennypl4Aa pryrll 3a crler rrcrroJrb3oBaHnfl rrJra3MoHHbrx nlarSopvr,
noAAepx{I{Baroql4x KoJrJIeKTr4BHbre nJra3MOHHbre pe3oHaHcbr, c[eKTpalbHo
co fJlacoBaHHbre co o rreKTpoM 14 3nyr{ eHl.4fl KBaHTOBbTX TOr{eK.

PercouenAarlnfl rro ucrroJrb3oBaHr{ro pe3yJrbraroB rr BbrBoAoB

llonyveHHble B Al,Iccepraql4z pe3yJrbrarbr npeAcraBJrrror zHrepec B raKr4x

o6racr.sx HayKI4 KaK HaHo$oronuxa, 6uoceucopr4Ka, ueluHefiuafl o[TrzKa vr ^t.I.

Bnaro4apt HeAoporoMy u eSQexrr4BHoMy MeroAy lasepuofi nanoSa6pr4Kar\r4yr,

paepa6oraHHble rIJIa3MoHHrte nrarsopMbr Moryr nafiru cBoe npr4MeHeHr4e rr B

npoMbrrrrneHHocTZ.

OcHosHrre 3aMeqaHnfl:

1. B reKcre AvrcaepralJpru npl4BoA;lrc.rr pe3ynbrarbr rro ilpzMeHeHr4ro

PAAPA6OTAHHbIX TPEXMEPHbIX IIJIA3MOHHbIX HAHOCTPYKTYP ANfl

AereKTI,IpoBaHI4t rl3MeHeHr4.rr rroKa3arenfl npeJroMJreHr.rr BHerrrHefi cpe4rr c
r{yBcrBI4TeJIbHocrbIo 1590 HM Ha eAI4HrIqy rroKa3areJrr rpenoMneHr4f,.

o4uaxo B TeKcre AVcceprarlr4r4 orayrcrByer cpaBHeHr4 e ,,oryr{eHHbrx

XapaKTepLIcTI4K a .4pyrI4MI4 cyIqecTByIoqI,IMIzI MeToAaMI4 u3MepeHrzfi. Ha
pkr c. 4.r orcyrcrByer Sypu. ZK-cuexrp orpaxeHr4fl ceHcopa,

coorBercreyrcqzft Tonyony, xorfl Ha puo. 4.2, rua KoropoM rpeAcraBJreHbr

oTHOCTITeJIbHbIe CrleKTpanbHbre aABI4|LI pe3OHaHCOB B 3aBr4CprMOCTr,r or



noKa3arer-q IIpenoMJreHHr oKpy]Karoqefi apeAbr, coorBercrByroqa.rr

TonyoJry TorrKa rrplrcyTcTByeT.

B rlraee 4.2 npegcraBJleHbl pe3ynbrarbr rro H3MepeHnro qyBcrB[TeJrbHocrr{

MaccI{BoB IIJIa3MoHHIIX HaHo-Bbrrryrlocreft npv AereKTr4poBaHLrLr

r43MeHeHI4fl JrOKaJrbHOfo rroKa3areng npeJroMJIeHI4fl B TOHKOM

npl4noBepxHocrHoM cJloe rtpz H3MeHeHr4r4 ToJrrrlr4Hbr rrJreHKkr Al2O3 B

AI'Iana3oHe 0-200 nlr. llpu 3ToM HaHo-BbrrryKnocrr4 vMerv Bbraory oKoJro

500 HM c HaKJroHHbrMr4 creHKaMu, Hd Koropbrx ua6ruo4aercr
JroK€urrz3oBaHHoe 3M [oJre c MHofoKparHo yculenuofi arranlury4ofi.
Bnuger JII4 reoMerpkrfl HaHo-Bblrryrnocrefi Ha roJrlrruHy Haflbrn-qeMoro cJrot

I,I r{yBCTBUTeJTbHOCTb MerOAa, oco6enuo B cnyqae HaKJroHnrrx creuor?
B 4uccepra\r4r4 BrIepBbIe npoAeMoHcrprrpoBaHo r4 o6r.scHeuo Harr4r{we y
MaccI4BoB HaHocrpyKTyp, I43roroBneHHbrx MeroAoM 6esa6nxqzonuofi
lasepuofi fleqarlr, nepecrpazBaeMblx (feoMerpr4rrecKl,rx)) pe3oHaHcoB B

6nIaNnefi I4K o6lacru crleKTpa, oBf,3aHHbrx c KoJrJreKTr.rBHbrM

nos6yx4eHzeM Lr .qecrpyKrzsHofi rznrepSepenquefi noBepxHoorHbrx

nna3MoH-rronf,prrroHHbrx BoJrH. oAnar<o orcyrarByer r,rn$opnraqr,rr Io
ueo6xo4zl4oft ro'IHocrn co6ruo4eur4.rr reoMerpr,rqecKr4x p€BMepoB crpyKryp
14 neplroAoB Arrfl e$QerrunHofo KoJrJreKTr4BHOfO noSsyx4euur v
AecrpyKTrznHofi IanrepSepeHIII,IZ noBepxHocrHbrx rrJra3MoH-nonf,pr4ToHHbrx

BOJIH.

3arc"troqeHr{e rro Arrccepra rluoHnofi pa6ore
VxasaHHrre BbIIre HeAocrarKl4 He .flBJr{rorcfl npzHrlr4rrrraJrbHbrMr4 14 He

OHIIDKaIOT 3Har{LIMOCTb [OlyrIeHHbIX pe3ynbTaToB Ar4coepTaqraonnoft pa6orrr.

fr4ccepraqzs llasrona {.B. flBJrrerefl 3aKoHrreHnofi uayuHo-KB€LJulSzxaqrzoHHofi

pa6oroft, BbrrroJrHeuuofi Ha BbrcoKoM H yrrHo-TexHuqecKoM ypoBHe. Bce sa4avv,
IrocraBJreHHble B Al{ccepral{uonnofi pa6ore, ycnerrrHo perueHbr, O$opvrneurae

Al4cceprarJvrv v anropeQepra coorBercrnyer rpe6oBaHr4.sM BAK Mrauo6pn ayKvr

P@. Pa6ora rrpoIuna anpolalfl4lo Ha HecKoJrbKrrx Me)KAyHapoAHbrx r4 pocc4ficxux
xonQepeuqv{x.

B qelou, pacaMarpLrBaewafl Arrcceprarlr4s rro aBoeMy coAepxaHzro, o6reuy
BbITIOJIH9HHbIX I4ccJleAoBalF'uit, HoBrI3He, nayunofi u npaKTurrecr<ofi rIeHHocrI4
pe3ynbraroB coorBercrByer rpe6oeaul4qM, rpeAbflBnf,eMrru BAK MuuodpnayKr4

2.

3.



PO K KaHAI,IAaTcKI4M Arrcceprarllr-f,M rro <<lloloxenuro (n.9)> o ropqAKe

rIpI4cpKAeHufl yrIeHbIX creneHefr, yrBep)KAeHHoro rrocraHoBJreHneM

flpanurelbcrBa Pocczficrofi @eAepar\vLr }lb842 or 24 ceHrr6px 2013 r., a ee

aBTop, flanros [t:'rmpuit Bra4nuupoBnrr, 3acnyxr4Baer npr4cyxAeHr4{ yveuofi

creneHl{ KaHAI4Aara Qzsurco-MareMarr4qecKr4x HayK no aneqzaJrbHocrr4 1.3.19 -
na3epHatr Suszra.

florna4 no Al{cceprarll4oHHofi paSore 6ru 3acJryrrraH Ha ceMrrHape yve6no-

HayqHoro rIeHTpa <<KsaHToBar orrrr4Ka> I4Hcruryra aBToMarr4Kr4 H oJreKTpoMerpr,tr4

Cra6zpcrofo orAeJleHvrfl Pocczficxofi axa4eMnvr Hayx. Orsrre Ha Awcaeprarlr4ro

o6cyx4eH I4 yrBep)KAeH Ha gToM )Ke ceMr,rHape B KaqecrBe o$uqzanbHoro or3brBa

ne4yrqeft opraHr43aqzu (nporoKorr JVs 1 or 9.02.2023 r.).

OrsrIs cocraBI,IJI craputufr uayuHufi corpyAHr4K la6oparopr,rra soroxoHHofi
ONTI4KI4

I,Iucruryra aBroMarr4Kr4 r{ oneKrpoMerpr4r4 CO PAH,
KaHAr,rAar $rasuxo-rvrareMarr4rrecKux HayK
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