
3AKffOIIEIilzF. MCCEPTAIT4OHHO|O COBETA A OO2,O34.O I HA EA3E
@EAEPAIbHOf O f O C yAAP CTB EHHO| O EIO AXETHO| O yr{pEXnE r*rA

FIAYKI4WICTI4TYTAAI{AJII4TI4LIECKO| OTtrI{EOPOCTPOEI+IA
P O CCIMCKOIZ AKAreMI4I,I HAYK

HA COI4CKAHZE yTIEHOIZ CTETIEHI,I KAHII,IAATA HAyK
aTTecTaIInoHHoe Aeno J'lb

perxeHre ALrcceprarllroHHoro coBera or 27 AeKa6pfl20l8 f., rrporoKon Ib L

o rprcy)K4e'IF^uu KouuccapeHKo @znunuy 34yap4onzrry, fpa)K4aHuny P@,
yreHofi crerreHrr KaHAuAara Q zszr<o-MareMarlrqecKr,rx H ayK

,{uccepraqHx "MaHunynupoBaHlle nauoo6reKTaMrr u rvro4zsvrKarrufl Marepr{€rnoB c
noMolrlblo c$oxycnpoBaHHoro 3JIeKTpoHHoro rrf{Ka An{ co3Aalvrfl SyHrqzoH€urbHbrx
HaHocrpyKryp" B BI{Ae pyKorrcl4 no creqlraJrbHocrtr 01.04.01 - llpn6opbr tr MeroAbr

sKcrIepLIMeHT€uIbHofi Qnslrxv - npr4H.rrra K 3arrllrre 22 orcrtlpx 2018 r., nporoKon
J\b 6-1 ALIccepraIIrIoHHbIM coBeroM A 002.034.01 na 6ar:,e l4mcrvrryra aHarrvrru-crecKoro

upn6opocrpoeHllt Pocczficrofi axa4eMzlr HayK, 190103, Przxcxufi np., A. 26, Caurcr-
flerep6ypr, PO, rpllKurg o co3AaHrrr{ AlrcceprarluoHHoro coBera J\b 7l4lnx or
02.11.2012 ro.rra.

luccepragux BbIrIoJIHeHa Ha raQe4pe HanoQoroHLrKkT pr MeraMarepr4€lJroB

Qe4epanrHoro rocyAapcrBeHHoro aBToHoMHoro o6paaonareJrbHoro f{pe)KAeHr{t
Bblclxero o6pa":onaHnx <CaHrcr-llerep6yprcrcufi, HarluoH€urtsrrfi r4ccneAoBarenrcrcufi

yHLIBep cv rer zH Q opM aIIpIoHHbIX TexHololzft , MexaHLr Kr4 r,r orrrr4Kr4)) .

Coracxarenr KouuccapeHKo @zrznu 34yap4onuq, rpa)r(AaHcrBo P@, 7992 roAa
poxAeHzf,, B 2014 r. oKoHrrLuI Marncrparypy Qe4epanrHoro rocyAapcrBeHHofo

aBToHoMHoro o6paaoaareJrbHoro f{pex{AeHr4r Bbrcruero o6pasonanzr <CaHrr-
llerep6yprcrufi HaulloH€trlrsrrfi r4ccneAoBareJrbcKLrfi ynranepcrlTer zHQopvar{uoHHbrx

texuonolnfi, MexaHLIKLI v oIrrLIKpr)), a B 2018 roAy raM x(e oKoHrrr{Jr oqHyro

acmrpaHrypy.

HayrHufi pyKoBoAr.rrenb: fony6ox ArexcaH4p Oreronz.r, lpaxAaHcmo P@,

AoKrop Qzsurco-vrareMaruqecKplx HayK, cneqlr€LJrbHocrb 01.04.01, npoQeccop rcaQe4pu

HaHoQoToHI,IKLI u MeraMarepr4€LJroB Vnvnepczrera I4TMO, 3aM. ALrpeKTopa ro
nayrHofi pa6ore VIAII PAH.



Oduqna.nrHrre ounonenrrr :

1. Brrnenro Oner

MATEMATI4IICCKLIX HAVK.

@e4oponzv, lpDKAaHcrBo P@, AoKrop Qzsuro-
crequarrbHocrb 0l ,04. l0 , upoQeccop Qzsuvecroro

Qarynrrera CaHxr-llerep6yprcKoro rocyAapcrBeHHoro yHrrBepcurera;

2. Harqerzn A-rrexcefi Bzxroponnv, lpDKAaHcrBo p@, KaHAr.rAar Szs1ar<o-
MareMarzqecKltx HayK, cneqll€rJrbHocrb 01.04.07, c'tapll;.uit Hayrurrfi corpyAHlrK
na6oparopura <[HarHocrvrKu MarepuurJroB u crpyKTyp rBepAorenurofi
3JIeKTpoH vrKu>> @ zs Hro -rexHprqe cKo ro r4HcrLr ryra r.rM. A. O. I4o Q Q e

,UELNZ IONO)KLT TCJIbHbIE OT3 hIBbI HA ALIC C CPTAUI4IO.

BeAvruaq opraHnsau[q @e4epamnoe rocyAapcrBeHHoe aBToHoMHoe

o6pasonareJlbHoe yqpelKAeHr4e Bbrcrrrero o6pasonanur <Canrr-llerep6yprcrcvrfr,
IroJlLITexHu\ecrcutrr yHI-IBepclITer llerpa Beluroro>>, B cBoeM rroJroxlrreJrbHoM

3aKJrIOrIeHkILl, TIOAII{CaHHOM ALIpeKTOpOM Har{HO-UCCne.qOBareJIbCKOfO KOMTIJIeKCa

<Hano6uorexHoJro rvlu>> KaHAnAarornr QusuKo-MareMarlrqecKzx HayK Xo4oprcoBcKr4M

M.A. I{ yrBep)KAeHHoM npopeKropoM ro naytrofi pa6ore qn.-Kopp. PAH, AoKropoM
TexHI4qecKI4x HayK Cepreenrru B.B. yKa3aJrar rrro Azccepraqr4tr KouuccapeHKo @.3.
coorBercrByer rpeooBaHnflM) npeAb-rrBn.rreMbrM K AucceprarlrrrM Ha coucKalaue yreHofi
GTOTIOHI{ KaH'AuAara Qzszr<o-uareMarrrrrrecKlrx HayK, a cozcKareJrb 3acny)KkrBaer

lpucy)KAelJnfl. yrenofi crerreHrl KaHAI{Aara Qzsnlco-uareMar[rrecKkrx HayK IIo
clequ€LnbHocrlT 0 1 .04.0 I u oruern.rra cneAyroqlre 3aMeq anLrfl;

1. B npeAJlo)KesHofi B AtrcceprarJuvr Qraszvecxofi MoAeJrrr [epeMerr{eHufl

HaHoo6reKToB npu rIoMoIrII{ MeraJrnu.{ecroft uurbr ra SoxyczpoBaHHoro 3neKTpoHHoro

rIfIKa B KaqecrBe o6rexra [epeMerrleHLrrr paccMarpvBarorcfl ToJrbKo ALrgneKTpr,rqecK[e
qacrIlllbl HecMorpt Ha ro, qro B pa6ore sKcnepr4MeHT€rrrbHo npoAeMoHcrplrpoBaHa

BO3MOXHO CTb O CyUIe CTBJr.rrTb nep eHO c MeT€urlLr qe cKr4x qacTurl.

2. CozpanHble B pa6ore c rIpHMeHeHLreM QoriyczpoBaHHoro 3neKrpoHHoro nfrKa
HaHOCTpyKTypbI HA [OBepXHOCTI4 AZgneKTpZKOB r4CCJreAOBaJTVrCb, B TOM rrr{CJre, C

rIoMoIrIbIo aroMHo - cLIJIoBoro MLTKpocKorra. flpnHznaa-a Bo BHHMaHue rrpeAnoxeHnrrft s

Aucceprar\vv MexaHI43M Qoprr,rnpoBaunt crpyKryp, cn.asaHHufi c o6pasonaHreM

o6reuHoro 3apfl,Aa B [pl4rloBepxHocrHhrx cJrosx ALroneKTpr4KoB, 6ulo 6rI noresHo rrpLr

zccneAoBanvrv rouorpaQuu o6pazoBaHHbrx HaHocrpyKTyp zcnoJrb3oBarb raKx(e MeroA

3on4a KenrezHa, Iro3BoJlsroqufi Bu3yanprcLrpoBarb paclpeAeJreHue 3neKTpunecKofo

rloreHrlr{ulJra Ha rroBepxHocrlr o6pasqa. 
.
L



3. B pa6ore HeAocraroqHo no4po6uo o6cyx4aercf, npeAeJrbHar rorrHocrb, c
rcoropoft Bo3Mo)KHo npoLl3BoALITb nepeHoc uaHoo6reKToB c rroMorrlbro Mer€urru.recKoft
I4rJIbI 14 cQorcyczpoBaHHoro 3neKTpoHHoro nfrKa. Xorenocr 6rr y3Harb, KaKa.rr

npeAenbHat rorlHocrb Mo)Ker 6rrtr AocrzrHyra npu MaHrrlyJrLrpoBaHuu
HaHOrracTLrrIaMLr c rroMorrlblo p€t3BraToro aBTOpoM MeTOAa?

CouclcareJrb LIMeer 42 (copor< 4ne) ony6rraroBaHHhre pa6orrr, vr3 Hkrx rro reMe

Avrcceprarlnu ony6lzxoBaHo 28 (4na4qarr noceur) HayqHbrx pa6or, u3 HLrx

17 (ceuHa4qarr) pa6or B xypH€rrrtx, BxoA.f,rrl4x B llepeueHr BAK Po-,2 (asa) rrareHra
Ha nso6pereHlltt, a raKlre 9 (4eaxrr) rry6nzr<aqufi B Marepuarax Bcepoccuitcrcux u
MexAyHapoAHbrx ronQepeH\uir u clrMro3r4yMoB.

Hau6oree 3HaqLrMbre HarrHue pa6orbr rro reMe AucceprarJuvrl

Denisyuk A.I., Komissarenko F.E., Mukhin I.S. Electrostatic pick-and-place
micro/nanomanipulation under the electron beam ll Microelectronic Engineering
- 2014,V. 121, pp. 15-18.

Komissarenko F.E., Mukhin I.S., Golubok A.o., Nikonorov N.V., prosnikov

M.A., Sidorov A.I. Effect of electron beam irradiation on thin metal films on
glass surfaces in a submicrometer scale ll Joumal of Micro/ Nanolithography,
MEMS, and MOEMS - 2016, V. 15, No. 1, pp. 013502
Sinev I.S., Bogdanov A.A., Komissarenko F.E., Frizyuk K.s., petrov M.I.,
Mukhin I.S., Makarov S.V., Samusev A.K., Lavrinenko A.V., Iorsh I.V. Chirality
Driven by Magnetic Dipole Response for Demultiplexing of Surface Waves //
Laser & Photonics Reviews - 2017,V. I 1, No. 5, pp. 1700168

Komissarenko F.E., Zhukov M.V., Mukhin LS., Golubok A.o., Sidorov A.I.
Formation of metallic nanostructures on the surface of ion- exchange glass by
focused electron beam ll Joumal of Physics: Conference Series - 2015. V. 643,
pp. 012113.

Sinev I.S., Iorsh I.V., Bogdanov A.A., Permyakov D.V., Komissarenko F.E.,

Mukhin I.S., Samusev A.K., Valuckas V., Kuznetsov A.I., Luk'Yanchuk 8.S.,
Miroshnichenko A.E., Kivshar Y.Polarization control over electric and magnetic
dipole resonances of dielectric nanoparticles on metallic films ll Laser and
Photonics Reviews - 2016, V. 10, No. 5, pp.799-806.
Polubavkina Y.S., Kryzhanovskaya N.V., Moiseev E.I., Kulagina M.M., Mukhin
I.S., Komissarenko F.E., Zadiranou Y.M., Maximov M.V., Krasnok A.E.,
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Bogdanov A.A., Zhukov A.E., Shelaev A.V. Improved emission outcoupling

from microdisk laser by Si nanospheres llJournal of Physics: Conference Series -

2076,V.741, No. 1, pp. 012158.

Makarov S.V., Sinev I.S., Milichko V.A., Komissarenko F.E., Zuev D.A.,
Ushakova E., Mukhin I.S., Yu Y.F., Kuznetsov A.I., Belov P.A., Iorsh I.V.,
Poddubny A.N., Samusev A.K., Kivshar Y.S. Nanoscale Generation of White
Light for Ultrabroadband Nanospectroscopy // Nano Letters - 2018, V. 18, No. l,
pp. 535-539.

Cnoco6 nonfreHl4.t Mer€rllJrlrqecKux rrJreHoK saAaHHofi Sopuu : rrar. 2597373.

Poc. @eAepa\ua : MIIK B 05 D 1/00 / llpocHraxos M.A., HuxouopoB H.8.,
CzAopon A.VI., foly6orc A.O., KovrzccapeHKo (D.3., MyxzH LT.C.; 3aflBLrrerrb vr

rlareHToo6na4arenr Canxr-llercp6yprcrufi HarlkroHaJurufi r4ccJreAoBarelrcxzfi

yHI4BepcrITer zHQoprvraIILIoHHbrx rexHonolzfi, MexaHraKr4 vr orrrlrKlr
(VHznepclrrer I{TMO). - Is 2015116555105 ; 3anBrl 29.04.2015 ; ouy6n.

10.09.2016 , Eror. J\b 25. - 8 c.

3onA AJII cKaHzpyroqefi soH4onofi Mr{KpocKorruvr u cnoco6 ero r.r3roroBJreHkrrr

(napraaHru) : uar. 2660418 Poc. (De4epaqz.q : MIIK G01Q 60138 G01Q 70108

B82Y 35100 I Cu:aer^ VI.C., MyxuH I4.C., Carvrycen A.K., Maxapon C.B.

KouuccapeHKo @.3.; 3€uIBLrreJIb rI Irareuroo6ra4areJrb CaHrr-llerep6yprcrcufi

IIaIIr4oHitrrrHrrfr uccneAoBarenrcrafi yHLTBepcurer HHSopnaaqlroHHhrx

. rexHonorzfi, MexaHuKLr v orrrrrKlr (Vnunepclrrer I4TMO). - No 2017122309 ;

3€urBrr. 23.06.20t7 ; orry6t. 06.07.2018 , Bron. J\ro 19. - 14 c.

Ha,qllcceprauzro u asropeOepar uocrynrarz orsrrnrI:

1. or BrrseHxo Onera @e4oponraua, AoKTopa Qzszr<o-rvrareMarrdqecKlrx HayK,

npo$eccopa Suszuecrcoro Qaxynrrera Canxr-flerep6yprcKoro rocyAapcrBeHHoro

yHnBepcr{Tera. 3aNae.raH[r :

o Bo aropoft rJIaBe Ar4cceprarluu [peAJroxreHa Qusuvecxar MoAeJrb, orrrcbrBarorl€ur

npoqeccbl 3ap.rrAKrr u aBTooJreKrpoHHoft oMvrccuu MerarrJrLrqecxofi krrJrbr noA

AeftcrsueM gJIeKTpoHHoro rrfrKa, u [peAcraBJreHbr pe3yJrbrarbr npoBeAeHHoro

rlr4cJreHHbre pacqera. O4naro, 3KcnepLrMenramnofi [poBepK]r yK€BaHHbrx

pe3ynbraroB npoBeAeHo ne 6ruo, HecMorp.rr Ha rrpocrory ee ocyulecrBrreHus.

nyTeM HenocpeAcTBeHHofo r{3MepeHHrr ToKa ocTplrrr.

o B rpemefi rJraBe 6l'lr.a npoAeMoHcrpr{poBaHa Bo3Mo)r(Hocrb co3l.aHufl.

HaHorracrr4rl, LrHTeprrperlrpyeMbrx KaK cocro.f,rrlr4x r,rs cepe6pa, Ha rroBepxHocrr.r

7.

8.

9.



creKJra noA AeftcrBzeM cQoxycupoBaHHoro oneKTpoHHoro rrfrKa. OAHaxo

rrp.rrMbrx AaHHbrx o6 nx xLrMrrrrecKoM cocraBe rrpeAocraBJleHo ne 6ulo.
B rofi )Ke rJraBe 6urut [onfreHbr uHTepecHbre pe3ynbrarbr o6 LI3MeHeHLILI

cKopocTrr TpaBneHHrr cTeKJra vr AvroKcuAa KpeMHLIfl. Ha KpeMHLIn B pe3ynbTaTe

eogAeficrBr{r oneKTponHoro o6lyrenzx. flpu oroM An.fl yKa3aHHbIX AByx rkIrIoB

o6rerron npaKT[qecKLr oALrHaKoBoro cocraBa 6sttu non)AIeHhI

rrpoTlrBoloJro)r(Hbre pe3ynbTaTbr 3aMeAJreHr4e TpaBJIeHI,It Anfl MaCCI,IBHO|O

creKJra z ero ycKopeHlrs, Anfl, ToHKoro cJro.s Ar{oKcI{Aa, rITo o6rscuserc.l B pa6ore

pa3nnqveM B xapaKTepe pa3pyrueHufl. xvrMvrrrecKlrx cB 3ev B 3TI4x MaTepI4aJIax

BcJreAcrBue pa3nvrvrus. B crpoeHLrn r4x MoJreKyn.f,pHblx ceroK. Buecre c reM,

aBTopoM He o6cyN4anacr Bo3MoxHocrb o6rscuelnus. groro pa3lrnqvrfl,

yqlrrbrBarcrqa.f, rrpoqeccbr oMvracnn BToplrrrHbrx gneKTpoHoB Ha ItnrepQeftce

ALTOKCLTA xpervrHux/rpervrHufi. 3rnu MoxHo 6ulo o6t.scul4t orcyrcrBne

ycKopeHkrrr B erofi crpyKrype npu 6olrruux ycKopsrcquxeQQerra

HaIIpDKeHLT[X.

o B pa6ore He rrpoBeprnocb Lr He o6cyx4anocb Bo3Mo)KHoe BJILITHLIe :e.apacranus.

yrnepoAHbrx 3alprgsesufi noA AeftcrBueM gJreKTpoHHoro rIyrIKa, Koropble, KaK

r43BecrHo, Heras6exHbr npu BaKyyMHbrx ycJroBlr.sx s o6rtqHbrx C3M. Mex4y rervr

c grrrM rBJreHLreM MoryT 6urr cBr3aHbr ronrqeo6pa3Hble Bbrcrytlbl no IqratM

o6nyreunrrx o6lacrefi, na6lroAaeMbre rrocJre rpaBJIeHLI.l creKJIa u AnoKcvr4a

KpeMHLLfl.

2. or Haulerczna Alercex BzrropoBrrrra, KaHALrAara Qvsuxo-MareMarLIqecKLIX HayK,

crapruero Ha1nrHoro corpyAHlrrca na6oparopvn <<[uarnocruKvr MarepuuloB !I crpyKTyp

gneKTpoHI,IKI/D> @ugurco-rexHllrrecKoro LlHcrkrryra urra. A.(D. ZoQQe

o Ha crp. 92 aBTop yroMnHaer o Bo3MolcHoM

rrpr4rroBepxnocrnoft o6lacru creKJIa npu

o6pasonaHukr vor'oB aJIK)MI4HnA B

o6nyueHuu o6pasqa rfrKoM

3JreKTpOHOB, rrpkr 9TOM yCnOBU.f, peaJrU3arILILI TaKOfO npoqecCa He oocyx(AaloTct.

3a-fl sreHze BrITJISAIIT roJIocJIoBHbIM.

o He oqeBLrAeH MexaHLr3M QopvrnpoBaHus. HaHocrpyKTyp Ha noBepxHocrl{ IdoHHo-

o6ruenurrx creKoJr B pe3yJrbrare o6ryreHz.a oneKTpoHHbIM nf{KoM c
nocJreAyroulrrM crpaBnlrBaHkreM Mer€LrrJlLItlecrofi TIJIeHKLI. llo Ia4ee, [pLI TaKoM

MexaHI{3Me Ha TIOBepXHOCTI{ CTeKJra nPqA Jrrr MOXeT qTO-TO OCTaBaTbCfl., krHal{e

cJreAoBztlo 6rr [peArrono)K]rrb, qro npr4 o6ny.renull oJIeKTpoHaMV npoLIcxoAI4T

TBepAOTeJIbHOI4

3aMe.raHlrs:



KaKat-To MoALI$I4KarJLrfl. caMofi trJreHKr4 aJrroMlrHrdrr H r4HTepQefice co creKJroM.

Haupuuep, gro Moxer 6rrrr o6orarqenze LroHaMLr cepe6pa v :narparn, qro
Ka)Kerc.t coMHI{TeJIbHhIM. llporuy uo4po6nee pa3brcHr4Tb MexaH[3M

Q opuupo Ba:n:afl HaHoKJIacrepoB nocJre cMbrB aHr4.rr B )Kr4 AKoM Tp aBlrre Jre.

HeaxxyparHbrM BbrrnrAprr 3arrBJreHr.re aBTopa o6 (ocrpoBKonofi,

rpaHynzposaHHofi) crpyKType ITJIeHKLT 3oJrora. llo MHeHzK) aBTopa, TaK€ur

crpyKTypa TIJIeHKLI Mo)Ker rIpLrBoALrrb K 6onrruevry 3HarreH?rro yAenbHoro

conpoTl{BJIeHIITI IIJIeHKT.I 3OJIoTa, rIeM y (MaKpopEBMepHoro 3oJrOTD). XOqerC.f, nce

xe yKa3arb, tITo ocrpoBKosrtfr LI rpaHy[I4posaHHrrfi xapaKTep rrJreHKI{.rlBJr.rrrorct

upIIHIILTuLI€LIIIHo pa3nllqHbrMr{ rro cBolrM Qzszuecxzrrr cnoficrBaM, a B cJrfrae
ronlqnHbl 3oJlora 50 nu roBopllrb o6 ocrponrosofi crpyKrype He rrpvxoAzrc.s. B
sTOM Cn)rqae xoqeTct nolpocl{Tb aBTopa cHarratra [peAcraBLrrb sJreKTpoHHo-

MllKpocKolluqecKoe uso6paNeHLle, AeMoHcrprrpynqee ror r4Jrlr u:eoit xapaKTep

IIJICHKLT.

3aueuauze, BbITeKaIouIee u3 [peAbrAyrrlero. OcHosrrsa.f,cr Ha BbrBoAe o
BbIcoKoM corrporllBreHvru,, aBTop IpLTBoALTT Hso6paxeHne ]lb 2.29, Ha KoropoM
cxeMarllqHo zso6paxaer Bo3Mox{Hocrb 3apflAKu (!) cJror 3oJrora nfrKoM
SneKTpoHon. Bcer4a crlrlT€rlrocb, rITo 3oJroro 

- oAr4H r43 rry-rrnrvrx [poBoAHLrKoB ]r
oHo r4crron*yerc.fl Artx cH{Tufl 3apflAa c ArrsneKTpLrKoB e c3M. I4cxo4s, uz

3ap.lAKI{ 3oJlora, aBTop lpeAnafaer MexaHzsv SopMLTpoBaHurr HaHocrpyKTyp.

flpouy pa3Tr,,cHvrrb KaKLTM o6pa:ola nJreHKa 3oJrora, r4crronb3ye:vrafl, o6rrvHo 4r.a
cIJflTLrfl 3apflAa c ALI9JI€KTpI4KOB e C3M, B AaHHbrx gKcrrepr4MeHTax He nplrBoAraT

K CHTTLTTO 3apfl.AA.

3. or Eoxxo Ceprex Llr;attor;uua, Kaln4vr1lura Qzsrarco-vrareMarprr{ecKr4x HayK,

pyKoBoAI4reJI.[ rpytlrrbl cKaHllpyloulefi goHAosofi Mt4KpocKonuu Llucruryra $usuxu
TBepAoro reJra PAH. 3avre.raHze:

o llpz o6cyx4enzl{ MexaHLI3MoB QopvrzpoBaHur MerEUrJrLrqecKLrx HaHocrpyKTyp

Ha rloBepxHocrrl cTeKoJr, aBTop He frLITbIBaeT Bo3Mo)KHocTb o6pasonanLrt Ha

noBepxHocrll o6parqa yrnepo4uofi rrJreHKr{, nosHzxarorqefi B pe3yJrbrare

p€r3Jro)KeHr{r yfneBoAopoAHhrx paAuK oB uo4 4eficrBneM QoxycupoBaHHoro
3JreKTpoHHoro rr1^rKa n C3M.



4. ot MurolyuKoro Ceprex Llsanosu.Ia, KaHAHAara Qrasuxo-vrareMarr'rqecKrrx HayK,

crapruero HaflHoro corpyAHrlKa na6oparopuz J\b5 Vlucruryra enexrpoQr43vrKu u
3JreKrpooHeprkrlr PAH. 3aMe.raHue :

o Kar cneAyer u3 anropeQepara, c rroMorrlbrc paspa6oraHHoro MeroAa

ocyqecTBJltJrocb MaHLIIyJII{pOBaHLre KaK AUSJreKTpLrqeCKLrMLr, TaK Vr

npoBoAtITILIMLI nanoo6teKTaMLr. O4Haxo B rrpeAcraBleHuofi Suszuecrcofi
MOAenV paccMarpklBaroTcr roJrbKo ALrSJreKTpI4r{ecKI4e HaHooqacTHIIhI, IIpr4qeM B

anropeQepare Hlrqero He cKa3aHo o rtpuquHe rarofi (AlrcKptrMvrHar\uu>>.

5. or CoruHzxosa LTnru flerponzua, KaHru4ura Szszro-uareMarurrecKlrx HayK,

BeAylrlero HayqHoro corpyAHlrKa Canrr-llerep6yprcKoro AxaAerr,rzqecKoro

Ynunepcnrera. 3aNre.ranLr.f, :

r TepnrzH (cKaHrlpyloqat gJIeKTpoHHar MuKpocKolkrf,)) f,BJr;rercr )KaproHHbrM 14

[o IlpaBllnarr,r oQopMneHI4rI ALIcceprarllroHHbrx pa6or AonxeH r{crroJrb3oBarbct

TepMuH ((pacrpoBa.t oJIeKTpoHHar Mr{KpocKorrvrfl>>. Kpoue roro, n anropeQepare

coo6Iqaerca o (ArroneKTpoQoperuuecrofi cvrlre>>, xor.rr 6ulo 6u yMecrHee

o6cyx4arb cLTJrbr ereKTpuqecrofi np[poAbr (Haupunrep, KynoHoncxv e).

o Ha crp.19 anrope0epana coo6rqaercx, rrro (B 3aKlroqeHuu rrpeAcraBJreHbr

ocHoBHbIe pe3yJlbrarrr pa6oru>>. B sroM cnfrae 6uro 6rr yuecrHee cKa3arb, qro

B 3aKrroq enLrv npeAcraBJreHbr ocHoBHbre BbrBoAbr pa6oru.
o K HeAocrarKaM anrope0epara Mox(Ho orHecrrr HeKoropyrc He6pexHocrr B

oQopvrnelnvrvpucyHKoB, LIcrroJrb3oBaHr.re o6ogHa.renufi rcar Ha aHrrruficnou, TaK Lr

Ha pyccKoM t3blKax B p€I3[Lrqnux QopMarax; orHeceHpre pyccKorgrr.rHofi crarbu
(A10) K pirAeJry HayrHue vr34anvrs, BxoArrqve B Me)rcAyHapoAHbre

peQeparzBHble 6asu AaHHhrx rr cr4creMbr rllrrr'rpoBanvrs., a He K pa3AeJry HayvHue

vg Aarrvrs, Bxo.q-fl rrlue B n ep eq eHb p occlrfi crux xypHan oB.

o Taxxe cneAyer orMerrITb, rrro npeAnaraeMbre aBTopoM MexaHrr3Mu o6paroBanufl.

HaHocrpyKTyp Ha noBepxHocrr{ ArrgneKTpr4KoB uoA AeficrBr{eM 3neKTpoHHoro

nylKa LIMeroT cKopee KaqecTBeHHoe, qeM KolurlecTBeHHoe olucaHrle.

6. or llzHaesa AneKcaHApa JleouraAoBLrqq KaHArrAara rexHurrecKLrx HayK, HHx(eHepa-

rpofpaMMucra OAO (fOI4 uv'. C.LI. Baszrona>. 3alae.raHr,r.f,:

o B TeKcre aBTopeQepara He orpaxeH MexaHzsrr,r c6poca HaHoo6rerra c ocrpus.

HaHolrrJrbr B 3aAaHHyro o6racrr [oAJroxKr{ rrocJre nepeHoca. [annat
unQopvraqLlrr KDKercr BOr(Hoft ncre4crBlre BbrcoKrlx rpe6onanuit rc ToqHocrLr



yKa3aHHOfO npoqecca.

o Ha pLTcyHKe 6 (6) -rtvrcra gna.reHzfi BeJrr4qlrH [o ocrM Ha6panrr cJrrrruKoM MeJTKLTM

KefJreM, rrTo Bbr3bIBaeT TpyAHocTLr npr4 trx [porrTeHz[.

7 . or MoruHnrosa Bs.{ecJIaBa Anerceeenrra, AoKT opa QusuKo-MareMarrrrrecKlrx HayK,

npoQeccopa xaQe4pu MLIKpo- vr HaHo3JreKTpoHlrKr4 Canrr-llerep6yprcKoro
rocyAapcrBeHHoro oneKrporexHrrqecKoro yHlrBepclrrera (JI3TI4) uv. B.LI. Ym.sHosa
(JIenHna); Cuuear lOlura MuxafiroBHbr, KaHALrAara Qzrzxo-MareMarurrecKLrx HayK,

AoIIeHra ra$e4prr MIrKpo- u HaHogneKrpoHlrKrl Canrcr-llerep6yprcKoro
rocyAapcrBeHHoro oJleKrporexHlrrrecKoro yHLrBepcurrera (JI3TI4> zrvr. B.I4. YmsHoea
(Jlenuna). 3alae.raHr.rs :

. vI3 TeKcra anropeQepara He -f,cHo, KaKHe upu6nuxenvrs. ucrroJrb3oBaJr aBTop

IIpu nocrpoeHul4 MOAeJILT [epeHOCa HaHorracrkrrl, HafrprrMep, yqkrTbrB€uracb [ru
uepoxoBarocrb noBepxHocrll HaHoqacrrrrlbr urrur ee 4eQopvraqux B 3one

KoHTaKTa c to.unoxrofi.
. pacqer All3JleKTpoQoperz.reclcofi cLTJrbr rrpoLt3BoAuIrcfl. Anfl HecKoJrbKLrx

3HarreHLIIZ pa4Lryca cKpyrJleHprfl. vrrrbr, oAHaKo r43 TeKcra aBTopeQepara He

tcHo, BJILI'eT lrkr AaHHbIn napaMeTp Ha npoqecc nepeHoca qacTuII Ha

rrpaKTlrKe.

Bce orsrrsrr uoroln[remHsre.

Brr6op oQzquanbHblx olrroHeHToB kr e4yu1efi opraHlr3aquu o6ocHoBbrBaerct

6onrurul,t oIrbIToM pa6oru n o6racu{ HaHorexHororufi, 3JreKTpoHHofi ra son4onofi

HA OCHOBAHLIN BbIIIOJIHEHHbIX

MLIKp o c Ko nuu, SuztrKvr 14 TexH o Jro rrrlr H aH o crpyKTyp .

{uccepraquoHHrrft coBer orMerraer, rrro

coucKareJreM r{ccJrerosaHlrfi :

rIpeAJro)I(eHa Qzszuecxat MoAenb B3aLrMoAeitcrsufl, gleKTpr4rrecKr4 r.r3onLrpoBaHHoto

MeTaIILIqecKoro ocTpl{{ vr All3neKTpu.recKofi HaHorracTlrrlbr, o6nyraeurrx
c$orycupoBaHHblM eneKTpoHHbrM rr)4rKoM, frlrrbrBaroular 3aprAKy ocrpLrf,

sneKTpoHHhIM nrrKoM 14 efo pul3pf,Arv 3a crreT yrrpyfo oTpaxeHHbrx, BTopzqHbrx r{

aBTOSMLICCTIOHHbIX sneKTpOHOB, a raKnte rloJrrpr43arlllrc qacrl4rlbr B HeoAHopoAHoM

3nercpocrarraqe cKoM rroJre s6rrusu noBepxHocrlr ocrppr.rr;

AoKa3aHo reoperzrrecKr,r u 3Kcnepr4MeHTa-rrbHo, rrro o6lyrenze 3neKTpr{qecKrz

z3onllpoBaHnoft Mer€uulLIqecxofi urJrbr c paAnycoM 3aKpyrJreHr4f, 50 HM



AllSneKTpo0operuveclcofi cLIJIII, 4ocraro Hofi Arrfl noKaJrl{3arluz HaHoqacrkTubr Ha
o crplre urJrhr 14 AEUrbHe fi Urero IIp equ3Lr oHHof o MaHu rrynupoBaHlrfl ;
pagpaboraHa HoBaf, sKcrIepLIMeHT€urbHas MeroALrKa nepeMerrl eHufl HaHoqacrl4rl B

rlpocrpaHcrBe c rloMolrlbro Mer€uuluIqecKoro 3oHAa z c$orcycr4poBaHHoro gneKTpoHHoro

IIyrrKa, rro3BoJrrroul€ur JroK€urlr3oBaTb Ha OCTpZe

o6racrr Ha Apyryro rroAJronwy AkroneKTprrqecKkre

0opn;
rrpeAJrorr(eHo o6rscHeHr4e MexaHz3MOB QOpuzpoBaHu''

co cTopoHbr 3apffKeHHOfO OCTpLrrr Ha rronrpr43oBaHHyro

paccro.rrHLrrr Me)KAy qacrlrrlefi. u ocrpLreM, a rarcKe or
3aKpyfneHkrs ocTpLrs.

3Haqenne rroryqeHHbrx corrcKareJreM pe3yJrbraroB

IIOATBeplKAaeTc.{ TeM, IITO :

cQorycupoBaHHblM gneKTpoHHbIM rIrrKoM rrpLrBoAr4T K 3ap.rrAKe r4rJrbr, non{pkr3arlLtlr
ALr3neKTpz.recKofi HaHoqacrlrrlbr BOJrLr3pr ee noBepxHocTr4 V BO3HLIKHOBCHNIO

3OHAa LI [epeHOCLITb B 3aAaHIIyIo

u npoBo,4.rrqLTe rracTr{rlbl p€I3JrLrqHbx

MCTAJIJII4qCCKUX LI

AusneKTpI4qecKLIX HaHocrpyKTyp Ha noBepxHocrsx zoHHo-o6MeHHbrx, uarpuit-
crIJII4KarHbIX, KBapIIeBbIX creKoJr, a rarcKe oxcz4nofi rrJreHKLr KpeMHLrr;

noKa3aHor vro o6nyreHLle uonno-o6MeHHblx, narpuft-cr4Jrr{KarHhrx, KBaprleBbrx creKoJr,

a raKxe or<cu4noft TIJIeHKI,T KpeMHLI.TI cQorcyczpoBaHHbrM gneKTpoHHbrM rrfrKoM
IIpI{BOALIT rc QoprranpoBaHulo Mer€urJll4rlecKkrx 14 Ar4oJreKTp[qecKr4x HaHocrpyKTyp Ha
noBepxHocTLr.

Teoper[qecrcaq sHaquprocrr [ccreAonaH[s o6ocHonaHa reM, qro npkrMeHureJrbHo K

upo6leuarlrKe Ar{cceprar{ua pe3yJrbrarrrBHo, c noJry.reH[eM o6raAaroru[x Hos[gHofi
PE3YJIbTATOB:

pacKpblTbl MexaHI43MbI B3a?IMogeitcryut cQorycupoBaHHoro 3xeKTpoHHoro rryrKa c
sneKTpuqecKu I{3onLIpoBaHHbIM MeT€LIILIqeCKUM OCTpr4eM U Alr3neKTpu-recrofi
HaHoqacruqeit, a raK)Ke c rloBepxHocrbro AIdsJIeKTpLTqecKLrx MarepuanoB, TaKkrx KaK

uoHHo-o6MeHHbIe, uarpnfi-cuJlllKarHbre, KBaprleBbre creKJra, oKcuAHarr [JreHKa
KpeMHrry;

[3YrIeHbI QzeavecrcI4e rlpoqeccbl, Bo3HkrKaroqr{e npz o6nyr eHkrLr cQorcyczpoBaHHbrM

3neKTpoHHbIM IIr{KOM 3neKTpprqecK}I kI3onlrpoBaHHofo MeTaJrJrr4rrecKofo ocTpLrr vr

pac[onox(esHoft n6rusu ero rloBepxHocrLr Ar{3neKTpz.recKofi HaHoqacrr.rrlbr;

YcraHoBJreHa 3aBLIcrIMocrb BerrrqzHbr AH3JrexrpoQoperurrecKoir. cutrt,4eficrnyroqefi

Ar43neKTpLrqecKyro qacTlrqy, oT

ALraMeTpa rracTLrrlbr u paALryca

IICCJTeAOBAHId.fl AJrfl rrpaKTrrKrl



pa3pa6oraHa MeroAZKa co3AaHI4rI QyHxqraoH€urbHbrx HaHocrpyKTyp, ocHoBaHH afl Ha
MaHLI[ynLTpoBaHLIu MkIKpo- LI HaHoqacrLIIIaMLr Mer€urJrr4rrecKnM ocrpzeM, o6lyraeurru
3JIOKTpOHHbIM IIIIKOM, peal[3oBaHHaq B cKaHr.rpyrcqeM gJreKTpoHHoM MHKpocKOne;

lpeAJro?I(eH I4 peaJIrI3oBaH crloco6 u3roroBJreHufl cilerJtranLrczpoBaHHbrx 3oHAoB c
JIoK€LIILI3oBaHHofi Ha BepIlLIHe HaHoqacryrr\efi Ans. cKaHprpyroqefi 3oHAoBoft
MrrKpocKonu.'l;

IIOKA3AHA BO3MO)KHOCTb co3AaHur pflAa QyurcqzoH€urbHbrx HaHocTpyKryp l.Irfl
HaHO 0 OTO lts{VIKVI, OITTOMeXa H]J1IKL]. ) HaHOAI4arHOCTrjKI4, I{3|OTOBJTeHHbIX C IIOMOIIIbIO

pa3pa6oraHHofo MeroAa MaHznyn vpoBaHvrfl HaHorracr ur\aMvr;

HaHocrpyKryp

MeroAr.rKa QopuupoBalilvrs. Mer€uurr4qecKrrx vr ArrsneKTpuqecKnx
Ha rIoBepxHocTLI I4oHHo-o6MeHHbIX, uarpuilr-cr.rJrLrKaTHbrx, KBaprleBbx

creKoJI, a raKnte orczluofi rIJreHKLt Kp MHLr{ rroA AeftcrBr4eM cQorycutpoBaHHoro
gneKTpoHHOrO lyrrKa, ue rpe6yrcqaq zcrroJrb3o BaHLrfl pe3lr croB;

orIpeAeJIeHbI napaMerpbl 3KcrloHvrpoBanur cQorcycr,rpoBaHHbrM gneKTpoHHbrM rr) rKoM

I4oHHo-o6MeHHhIX, Harpuir-cLIJILIKaTHbIX, KBapIIeBbrx creKoJr, a TarcKe oKcraAHofi

TIJI€HKLI KpeMHLITI, o6ecne.rzBarolllne co3AaHlre HaHocrpyKTyp paslzuHofi
rconQuryp a\uvr.

oqeHrca AocroBepHocrrr pe3yJrbraroB rrccJreAoeaHrfi BbrqBura:
SKcrIepr{MeHTaJrbHbIe pe3yJrbrarbr noryqeHbr na ceprnQuqr4poBaHHoM coBpeMeHHoM

TexHoJIorI{rIecKoM u ALIarHocrLrqecKoM o6opy.uonaHkrLr u o6la4aror lolnofi
B O CnpOr43BOAI4 MO CTbrO ;

Teoprlfl cornacyerc-fl c [onfreHHhrMrl B xoAe r4ccneAoBalauit oKcneprrMeHTzurbHhrMu

AaHHbIMI4, pe3yJlbraraMl4 qLICJIeHHbTX pacqeroB, npoBeAeHHbrx c r4crroJrb3oBaHLreM

coBpeMeHHbrx ilporpaMMHbrx rraKeroB, a raKxe c Lr3BecrHbrMLr ony6luroBaHHbrMlr rro

Aaunofi TeMaruT Ke gKcneplrMe HT€LrrbHbrMLr AaHHITMH ;

rlAe i I{3JIox(eHHbIe B !^uccepralJkru, 6aszpyrorcx Ha o6o6qenzra pe3yJrbraroB

I4CCJreAOBanIi.fi. [pLrMeHenux cQoryclrpoBaHHofo 3JreKTpoHHOfO [yrrKa Anr co3AaHvrfl

HaHOCTpyKTYP, A UX UCtIOJIb3OBaHr4e AJUr nonrreHvrfl. aBTopoM 3KcrrepLrMeHT€LrrbHbrx

AaHHbrx rronHocrbro o6ocnoBaHo r{ KoppeKTHo.

Jluqnufi BKJTaA corrcKareJrfl 3aKJrroqaercr B:

o flocraHoBKe rlenu z QopuynlrpoBKe 3aAaq uccneAoB aHLTr.;
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aHallrr3e HayqHoI4 nllTeparypbl LI BbItBJreHLrLr HeAocraTKoB cyrqecrByroqnx
MeTOAOB CO3AaHr4.rr HaHOCTpyKryp;

o IIOJIY{eHLII4 IUTIHO VIIII npn HeIIocpeAcTBeHHOM ylrA}Tnkr SKorrepLrMeHT€urbHbrx

p e3ynbraroB, o 6pa6orre u alarrr43e rro JrfreHHbrx AaHHbrx ;

npoBeAeHLII,I KOMITbIOTepHO|O MoAenupoBaHLrfl 14 aHaIrvrrHqecKr4x pacqeroB;

flo4roroexe ny6nuxaqzfi IIo reMe Akrcceprar{r4r4, orHocxulefic.a K noJr1r.reHLrro

LI I{HTeplpeTaIILIH 3Kclep}IMeHTULIIbHbIX pe3ynbTaToB, npoBoAtrMofi COsMeCTHO

c HarrHbrM pyKoBoALrTeJreM Lr ApyfLrMLr coaBTopaMz.

Ha 3acel.a:avrvr 27.12.2018 r. Al4ccepraqzoHHrrfi coBer rpr4rurn peureHr4e

rpllcyAl4rb KoruzccapeHKo @znunny 34yap4onn.ry freHyro crerreHb KaHALrAara

Q uszxo-rr,rareMarkr qecKLrx HayK.

flpz upoBeAeHLII{ rafiHoro roJrocoBanvrfl, ALrcceprarlkroHnrrfi coser B KoJrr4rrecrBe

-!t'renoBeK, 
u3 nzx 18 AoKTopoB HayK, fracrBoBaBrrrzx B 3aceAaHvrvr,vt3 23.reronerc,

BXOA{IIIUX B COcTaB cOBeTa, AononHLITeJIbHo BBeAeHbI Ha pa3oByro 3arrlr.rTy 0 veloner<,
rlpofonocoB€Lllll: sa - 18, [porl{B - Her, ue4eficru4TeJrbHbrx 6rclleresefi - uer.

llpe4ce4arenr

ArrccepTarluoHHoro coBeTa

A.T.H., rrpoQ. Kypouxzu B.E.

O

o

VqeHrIfi ceKperapb

Ar4 CCepTarIr4OHHOfO COBeTa,

A.0.-M.H. ez Bynxnnqa A.JI.

tu t t ?, ^"^oP i
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