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3arcnroqeurre opraurl3arlrln, n rcoropofi BbrrroJrHeHa pa6ora

t[e4epanrnoro rocyAapcrBeHHoro 6roAxeuroro frpexAeHlrr Bbrclrero o6paroBanvs. r{ Ha}.Kr{

<Canxr-flerep6yprcrr,rfi naqnonamnrrfi r4ccneAoBaremcrnfi AraAeMz.recxzfi yHr.rBepcr{Ter

Poccrafi crofi axaAerur.rr HayK )
o Alrcceprauuounoft pa6ore Myxuua llsaua Cepreenu.ra <Kou6uurdpoBaHHbre MeroAbr co3AaHilt

u uccneAoBanue (fynnqlronanbnbx HauocrpyKTyp Anr nauo$orouuKun HaHoMexaH[Kr{)),

rrpeAcraBJrreruofi na corrcKaur,re yrenoft creneHr,r AoKTopa Qr,r:uro-naareMarr,rqecKr,rx HayK rro

creqlraJrbHocrr.r 0 1 .04.0 1 dlpu6oprr il MeroAbr oKcrrepvMenrartrHofi Szsuru>

,{nccepraqus <Kou6uHrrpoBaHHbre MeroAbr co3AaHrrr rt [ccneAoBaHne (fynnquouzulbHbD(

HaHocrpyKTyp Ans uauorforoHprnvrpt HaHoMexaHr.rKrr)) BbrnoJrHeHa n na6oparopun Boso6HoBlseMbx

I4CTOTIHLTKOB SHEPTUN.

B rreplnoA rro,uoroBKlt Ar{cceprarlrru co}rcKareJn Myxun l4r,ala Cepreeezu flBIIArcs.

3aBeAyroqrau la6oparopzefi (pe4epanruoro rocyAapcrBeHHoro 6roANersoro frpex.4enrlt Bblclrrero

o6pa:onauu.a v HayKra <Canxr-Ilerep6yprcxraft naquonamnrni LlccJleAoBarenrcrufi

AxaAeuuqecruft yHr4Bepcr.rrer Poccnft cxoft araAeuI.ILI HayK ).
B 2012 r. Mlxuu I,I.C. garqurr.rJr Alrcceprarlkrro Ha coucKaHrae yrenofi crerreHl{ Karrwt4ara

Szsuro-vareMaruqecKrrx HayK no cneq[aJrbHocrr{ 01.04.10 <@nsuKa [oJry[poBoAHI,IKoB)) s CaHrcr-



llerep6;rprcrcorra AxaAeNar.IecKoM yul,rBepclrrere

HaHorexHororuft PAH.

Har{Ho-oopa3oBaTeJlbHoM IIeHTpe

Arcrva.lrrnocrr .[ucceprauuonnoft pa6orsr.

Bceo6reruJrrorqee rccJreAoBaHze HaHocrpyrcryp H co3AaHI4e HaHoycrpoftcrB Ha I{x

ocHoBe rpe6yror pa3Burrufl. gKcuepr,rMerrrarrbHbrx MeroAoB HaHorexuolorufi, B ToM qrIcJIe

MeTOAOB sfrr{TaKCr{aJrbHOrO CUIrre3a reTepocTpyKTyp pa3ILIqHbIX uoJrynpoBoAHI4KOBbIX

MaTepI4aJIOB, MeTOAOB OCaX,qeHI4lI TOHKIIX CJIOeB MeTaJIJII4qeCKI4X I'I AV9IeKTpI4!IeCKI{X

MaTepuaJroB, MeToAoB upeqpBr{oHHoro TpaBneHILf, pa3JIrIHbIX MaTepI,IiUIOB, reXHOlOrnfi

ctporycrapoBaHHbrx onrlrlrecKr.rx, gJreKTpoHHrrx Id I,IoHHrIX nyqKoB, na'rorpaQul4, MgroAoB

MaHI4rryJrLIpoBaHr{rI oAI,IHotIHbrMI,I HaHoo6rerrauu Lt I4x MaccuBaurr^V T.n.

B Ar,rcceprarluonnofi pa6ore Myxuna I4.C. paccMarpl4Barorct KoMruIeKcHbIe

MeTOALTKTT CO3AaHr{rr HaHOCTpyrCryp Nrfl. HaHOnJIa3MOHLIKI4, UaHOQOIOHI'IKI4 U

HaHogJreKrpoHr,rKr4. B .racruocrn, npeAcraBJleHa paspa6otaHHat MeroAI,IKa co3AaHI,IJ{ MLIIgo-

I'I HAHOCTPYKTYP AJI' CI4CTEM NJIA3MOHLTKT4 I,I AIA9NCKTPI4IICCKOfi QOTOHUTU HA OCHOBE

o6reAuneHus MeroAoB elerrpouuofi nrarorpaQnn Ha HenpoBoA.[IqI,rx orITI,IqecKI,I

npo3paqHbrx [oAJro]KKax, oQax,qeHufl.r4TpaBJreHl,Ill TOHKI{X CJIOeB MeTaJIJIOB I{ AII9JIeICTpLIKOB.

flpegcrawreHo pa3Burr4e MeroAa MaHLITTJILIpoBaHI{I oAI4HorIHbrMu MI,I4po- vr

HaHotracrr4llaMlr no4 c0orycnpoBaHHbrM gneKrpoHHbIM nfrKoM I,IJII,I JIa3epHbIM I43JrfreHI'IeM

B ycJroBrrrrx BaKyyMa vlfi4 npv arrraocQepHoM AaBJIeHvIvI, a raKx(e MeroAI,IKa [oABeIuIaBaHI,Lu

HaA noAJroxrofi oAkrHorrubrx Jrr,rcroB AByMepHbrx MarepI4aJIoB, B ToM qI,IcJIe rpaQeHa.

B pa6ore, ua oAuofi Lrs 3aAaq r4ccJreAoBaHraft, cursannofi c ynpaBJIeHI{eM MoAoBbrM

COCTABOM LI HATIPABNEHHOQTbIO I{3JryTqCHI'Ifl MI44POAI'ICKOBbIX JIA3CPOB, IPCACTABJIEHA,

peanr,r3oBaHa v anpo6uponaua KoMrrJreKcHtuI MeroAI,IKa uo4IaQuraqun rroBepxuocrl{

Jra3epHoro pe3oHaropa o [oMorrlbro oca]K,qeHvrl Marepl4ana noA ,qeftc'rsueN,I

cQorycupoBaHHoro gneKTpoHHoro nfrKa B upl,IcyrcrBr4v ra3oB-[peKypcopoB, TexHoJIorlII4

cQorycupoBaHHoro r4oHHoro rrfrKa r,r upequ3I,IoHHoM MaHv[yJILtpoBaHI,Iu oAI,IHoqHbIMLr

HaHOqacTLIUaMLI.

PaccuarpuBaK)Tcr Borrpocbr, cBr3aHHbIe c pa3BI4TI,IeM MeroAoB co3AaHI'IJI vr

r4ccJreAoBaHlrrr HaHocTpyKTyp I^ILA HaHoMexaHI,IKI'I Ha OCHOBe yrnepoAHbrx n MeTUIJI-

yrurepoAHbrx Br,rcKepHbrx HaHocrpyKTyp pasanunoft pa3MepHocrll, Qoprrar,Ipyerurtx rIoA

AeficrszeM c$orycnpoBaHHoro gJreKTpoHHoro rryqKa. OnncaH MeroA I,IccJIeAoBaHluI B

KaMepe C3M MexaHlrrrecKr,rx xapaKTepr,rcruK oALIHoqHbIX HaHoBI4cKepoB. Paspa6otana

MareMarprqecK1yr MoAeJrb, orrr4cblBarolUat caMoopl'aHu3oBaHHoe Qoprvruponanue



HaHOCTpyKTyp B Br,rAe rrbeAecTaJra-Tpaleqrrr4 pr MaccI4Ba [apiuIJIeJIbHbIx HaHoBI,IcKepoB,

paccMaTplrBaeTc.r{ MaTeMarurqecKa-f, MoAeJrb AByx cBf,3aHHbrx HaHoocqrrJIJI-[TopoB B BI,IAe

MCTAIIJII4IICCKOTO OCTPI,I.'I I4 OAI{HOqHO| O YrJI EP OAHOTO HAHOBICCPA.

llpe4craureH, o6ocnoBaH er anpo6upoBaH KoM[neKcHbIft noAXoA, o6reAururorqufi

MeroA ocrDKAeHr,rr MareprraJra noA AeficrBlreM cQorycupoBaHHoro gJIeKTpoHHoro rryqKa B

[pprcyrcrBr,rrr ra3oB-[peKypcopoB r4 TexHoJrorLrK) cQot<ycnpoBaHHoro LIoHHoro rrf{Ka, Ant

co3AaH[rr B KaHilrax uurpoQnrolrAHbrx qurroB MaccLrBoB MI4Kpo- u HaHocrpyKTyp.

B Arrcceprarluonsoft pa6ore npLrBoAlrrc.f, pe3yllbrarbl no o6reAnueuuro

MoJreKyJrrpHo-nyrrKosoft gur/naKcr,rrl (Mn3) u [ocrpocroBblx MeroAoB Anr co3AaHI,IlI

noJrynpoBoAHr4KoBbrx QyuxquoHaJrbHbrx HaHoc'rpyKryp Anf, QoronoruTauKl{. B uacutoctlt,

paccMarpuBaK)Tc.f, KoHcrpyKrlrrr4 coJrHeqHbrx gJreMeHTon (C3) Ha ocHoBe rraaccusos GaN

HLrreBr4AHhrx HaHoKpr{crrrJrJroB (FIHK) vr uauorpy6or, Sopnarapyervrrrx MeroAaMI4

MoJreKyJrflpHo-nfrKosofi srruraKclrrr ua Si rroAJro)KKe. lloKa3aHo, qro c noMolubro MeroAa

Mn3 [pr4 Bbrcorurx 3HaqeHr{rrx rroroKa Jrerupyroueft npuuecn Si eosMoNno $opunpoBaHlde

KaK Macarson GaN HHK, raK r,r GaN uauocrpyKTyp B BLrAe nanotpy6or<. flpe4no)KeHa

MareMarraqecKa.fl MoAeJrb, onucbrBaK)Illarl npoqecc QoprvrvpoBartnr GaN nanorpy6ox z

ocHoBbrBarorqa;rcr Ha HepaBHoMepHoM paArrarlbHoM upoQnne Si JIerI4poBaHLIt GaN

HaHocTpyKTyp.

Taxzrvr o6patou, TeMa Ar,rccepraur,rlr, HarrpaBneHuilr Ha pzBBI,ITIze KoMnJIeKcHbIX MeroAoB

Qopunponanns, Lt uccneAoBaHnr Qyuxur{oHaJrbHbrx HaHocrpyKTyp 4rr o6lacrefi HayKI,I,

yKa3aHHbrx B Ha3BaHwu [artwoit pa6orbr, Ha ocHoBe piBnI{rIHbIX coBpeMeHHbIX noAxoAoB tI

TexHoJlorurft , rnltxercs arcryaruHofi .

fI o nrorau p ac cMorp e r^fis, rrpvwtro cneAyrcIqee 3 aKJrroqeHu e :

1. Jluqnoe yqacrrre concKareJrr yrenoft crerreHrr B rloJryqeHrrrr p$yJrbraroB'

rr3JroxeHHbrx B ArrccepTarllll|.

,{nccepraqur Myxun I4.C. flBJurerc{ caMocrosreruroft il opurzualrnoft Ha1q11o-

LrccneAoBarenrcroft pa6oroft, BKnaA aBTopa Ar{cceprallu}I B Koropyro 6rn onpe4eJrtroql{M. Jln'rsrut

BKnaA aBTopa cocrorrr B co3AaHr,ru u pa3Btrrtru KoM[JIeKcHbx Mero,qon QoprraupoBa:aus. MI{Kpo- }I

HaHocrpyKTyp c floMorqbro sneKTponHoft nntorpaQuvrloa He[poBoMIqI{x rloAnoxKax coBMecrHo c

MeroAsMH oc4rxAeHrrr r,r rpaBJreHu{ Marep}raJla; B co3AaHEI,I MeroAa (popur,rponanut lD,2D u 3D

HaHocrpyKTyp noA 4eficrnueu cQorycupoBaHuoro gneKTpoHHoro rlfrKa; B co3AaHllv KoMnJIeKcHbD(

MeroAoB uo4u(furaqm,r [oBeprcrocrrr M]rKpo,u.rcKoBbx Jra3epoB Ans. yflpaBneul'Is MoAoBbIM

cocraBoM r,r HarrpaBneHHocrbro rrcJrfrenr,rt; B co3Aan[]r KoMITJIeKcHrD( MeroAI,IK $opnrzponauu.a

MaccrdBoB MLrKpo- r,r HarrocrpyKTyp B KaHaJrax rraurpo$nroll.uHbn< quloB; B pa3BurI,IlI MeroAoB



lpoqecclrpoBaHlltr flporortlrloB conHe{rbD( Ha ocnoBe oA}rHorIHbD( GaN nanoBl,IcKepoB vr vrl,.

MaccrrBoB. Teoperr,ruecKrre MoAeJrn (foprvrnpoBalvfl.AByl!{epHbD( crpyKTyp B B}rAe C nanoulocxocrefi

rroA AeficrsueNr crfoxycupoBaHHoro eJreKrpoHHoro rlfrKa; pocra GaN nauorpy6or,

aKTr,rBr.rpoBaHHoro rroroKoM lerupyrorqefi flp]rMecl{; r<one6anuft cBt3aHHbx ocqrIJIJUITopoB

(yurepoAHtrft nanonr.rcKep - MeraJrJrraqecKoe ocrpl,Ie> parpa6oranbl aBTopoM JII,IqHo LTJILI coBMecrno

c coaBTopaura. Irlnreplperarlus gKcrrepr{MeHTaJlbHbx AaHHbx [poBeAeua JII{qIro aBTopoM LrJrIa

coBMecrHo c coaBTopaMr.r. Bce BortreAmlre opurrrHaJrbHbre p€yJlbrarbl rlonyrreHbl ml6o anroponr

Ar{cceprarluu, ru6o rrpu efo HenocpeAcrBeHHoM 1^racrllr.

2. Creuenr AocroBepHocru pe3yJrbraroB rrpoBeAeHHblx corrcKareJreM yrenoft

creueHrr ucc.nelonannfr .

.{ocronepuocrr HayqrrbD( . noroxeuuft, pe3ynbraroB v BbIBoAoB rloATBepxAaercf,

KOMTTJTeKCHOCTbTO [C[Onb3yeMbrx gKc[epIIMeIrTanbHbIx MeToAoB I4 noAXOAOB, KOppeKTHbrM

npI4MeHeHI4eM r{LlCJreHHOrO MOAeII,IpOBAHVI., COBpeMeHHbIX MeTOAOB ALIaTHOCTIIKLI O6lerrOS

r4ccneAoBaHr{ft (nruro.ra.r, cKaHr{pyroqpo 3neKTpoHl{yrc v 3oHAoByto MLIKpocKorrkIK),

oilTr,rqeeKr4e MeroAbr r{ rtp.), KorrrponeM ycronufi gKcnepIaMeHToB, Boc[poI43BoAI{MocrbK)

pe3yJrbraroB, KoJrlrqecrBeHHofi cxoAr{Mocrblo rloJrfreHHblx pe3yJlbraroB c I,I3BecrHbIMz

SKCnepr4MeHTaJrbHbrMr,r AaHHbrM[, uc[oJlb3oBaHueM npI43HaHHbIX TeOpeTLIqeCKAX

floJrox(eHr,rft ra 4onyuesuft. OcnosHrre [oJro)KeHI,Lfi I,I BbrBoAbI AI,IccepraIII{I'I AoKa3aHbI

oKcrreplrMerrriulbHo I,I 06 ocHoBaHbI Teop erl'Iqe cKI'I.

3. Honugna [ccJreAoBaunft, uotyrreHHbrx peyJrbraroB rr BbrBoAoB 3aKJrloqaercs B

cJreAyuqeM:

IIpu cosdauuu HaHocmPYKmYP dnn

Q omo e onumauKu u H aH o ereKmpoHuKu :

uauoQomoHLtKLt, HaHonflasuoHltKtt,

- Ha ocHose roNa6uHarlr{r4 MeroAoB aKaHplpytoqefi gJleKTpouHoft nlrrorpaQvrur Ha

HerrpoBoArrrl[x rloAJroxKax, TepMlrqecKoro ucnapeH.vfl, MeTaJInoB B Bal(ylrMe, IUIa3MO-

xr{Mr{lrecKoro rpaBJreHLrA Lr Mo4r.rQvKaqnn SerraroceKyHAnrru (fs) JIa3epHbIM IT n)rqeHLIeM

npeAJroxeHa MeToAuKa, BnepBbre no3BoJII,IBIIIat co3AaBaTb rLI6puAHbIe MeTaJIJI-

Ar,rgneKTprue cKI{e HaHocTpyKTypbI C HoBbIMI4 oIITI,IqecKV MI,I Cnofi crnauz ;

- pa3Br.rTa MeroAr4Ka MaH[rryJrupoBaHI4rI MI,IKpo- I4 HaHoo6seKTaMI,I IIpn [oMoIrII4

MeraJrJrtrrrecKoro ocrpr{fl uoA AeftcrBr,IeM cQorycupoBaHHoro SreKTpoHHoro flyqKa B KaMepe

cKaHr4pyroqero gneKTpoHHoro MlrKpocKo[a unu cQorycupoBaHHoro Jla3epHoro I'I3JIyreHLIt

B ronQoranbHoM Jra3epHoM cKaHr,rpylouleM MI,IKpocKoIIe. llorasaHo, rITo rIprIMeHeHI'Ie

.uaHnoft MeroAr4Kr4 [o3BoJrrer co3AaBarb HoBbIe QynrqnouilIbHble HaHocrpyKTypbl AJIfl



ml,IpoKoro KJIacca 3aAaq (uanpr,ruep, c[equaln3r.rpoBaHHbre 3oHAbr AJrr cKaHrapyrorqeft

:on4onofi M[KpocKorrurr, HaHoarrreHHbr Ha [oBepxHocrra Mr,rKpo,qncKoBbrx na":epon);

- co3AaH nosufi MeroA noABeruraBaHnfl op.vrnoqubrx Jrr,rcroB AByMepHbrx Marepr,ruuroB

(uuroua.r, rpaQeu u MoSz) HaA no4roxr<ofi. 3rcnepnrueHTilrrHo AoKa3aHo, qro B

rroABerrreHHbrx rro AaHHoMy MeroAy Jlrlcrax rpaQeua, 3orarbrx Mex.(y MeraJrJrlrqecKr.rMlr

KorrraKTaMr, Aocrr,rrHyra peKopAHa;r [oABLDKHocrb noczreuefi 3aplra}106 cv?lB'c;

- paspa6oraHa MeroAr,rKa co3AaHr,ur HoBbrx onrr/rrrecKr{x ceJreKTvBHbrx gJreMeHToB AJr.rr

Mr{KpoAlrcKoBbrx Jra3epoB c rroMorqrrc ocaxAeHlrrr Marepr,riura uoA Aeficreuel{

cQorycnpoBaHHoro eneKTpoHnoro rf{Ka, TpaBJreHr{r cQorycnpoBaHHbrM r,roHHbrM rrf{KoM,

MaHrarryJrr{poBaHlrr nauoo6reKTaMr,r no4 ctporcycr{poBaHHbrM gneKIpoHHbrM [yrrKoM;

- BrrepBhre [oK€BaHo, rrro Maccprs GaN nanorpy6oK Mo)r(er 6rrrr crune3r4poBaH c

rroMorubro MoJreKyJrrpHo-n5rqKosofi snnrarcvwr Ha Si noAnoxKax rrpl,r aKTr,rBarluu pocra

rrpr4MecHbrM Jrerupyrcur4M rroroKoM Si, upeAnoxeHa MareMarr4qecKa.f, MoAeJIb,

onr4cbrBarouar npoqecc QopurapoBauvrfl, crpyrcryp. flepexo4 pe)KI,IMa pocra or HaHoBI,IcKepa

K HaHorpy6re upoucxoArrr upu rpeBbrrrreHlrn KoHuerrrparluu Si nerrapyorqefi npnuecu

ypoBrur 5'19te 
"r-3'

' upeAJro)KeHa HoBaJr MeToA[Ka rrpoqeccllpoBaHng. coJrHeqHbrx SJreMeHToB Ha ocHoBe

oAt4uoqHbrx GaN Hr,rreBlrAHbrx HaHo{prrcraJrJroB r,r rax MaccLrBoB, c[nre3[poBaHHblx na Si

rroAn o)KKax c [oMorrlbrc MoJIeKyJrtpHo- n)qrosoft guI,ITaKcLI[.

Ifpu cosdaHuu HaHocmpyKmyp dnn uauouexaHuKu u uuxpoQnrouduxu:

B Br{Ae rpa[eqefi.qaJrbHofo ocHoBaHI4rI

npeAJroxeHa MaTeMaTI,IqecKa.f, MoAeJIb

MACCIdBA rrapalrJreJrbHbrx HaHoBr4cKepoB, lr

Qoprue cr4creMbr rzHefinrrx ypanneuufi,

- [oKa3ano, qro noA AeficrBrreM cQorycrapoBaHHoro onercrpoHHoro rryqKa B KaMepe

cKaHr4pyrorqero 9neKTpoHHOrO MLlKpOCKOrra BO3MOX(HO CaMOOpTaHLI3OBaHHOe

QopuupoeaHrre yrJrepoAHbrx HaHocrpyrcryp HoBoro rr{[a B Br,rAe HaHoBI,IIIor (anrn. nanofork)

orrlcbrBarc rqilr np oqec c Qoprunp oBaHrrt crpyKTyp ;

- noKitsaHo, qro eI4creMa "MerarruqecKoe ocrpue - yrnepoAHrrfi nanogl,IcKep" Moxer

orlr4cblBarbct ctlcreNaoft csggaHHblx MexaHr{llecKl{x ocqurrsropoB, cIrJIa cBt3t4 Koropbrx

3aBucr{T or a.qcop6qrar,r MoHocJroeB BoAbr Ha rroBepxHocrll HaHocrpyKTyp.

flpo4evroHcrpr,rpoBaHo, rrro 4o6poruocrr rore6anufi HaHoocurJlJltropoB Ha ocHoBe

Br,rcKepoB c norepeqHbrM pa3MepoM noprAKa 100 HM lr ArIauoft noptAKa 3 uru ne

yMeHbruaercr npla uepexoAe or BaKyyMHbrx ycnoeuft K auraocQepHoMy AaBneHHIo;

V

B



- rrpeAJroxeHa n aupo6uponana HoBar MeroArKa ra;ru6ponru pe3oHaHcHbrx

AeTeKTOpOB MaCC Ha OCHOBe OATTHOqHO|O HaHOOCqUnnrTOpa rryTeM npeqLr3LrOHHOrO

purMerrleHu.r HaHocQep rarn6poBaHHoro pa3Mepa c MaccaMr,r B Ar4anasone (10-la - 10-15) r;

- [peAno)KeHbr HoBhre KoHcrpyKrlr,rra QynrqraoHiurbHbrx 3oHAoB AJr-rr cKaHlrpyrorueft

goHAosofi MI,IKpocKo[I4r4 (c yBen[qeHHbrM ac[eKTrrbrM orHorrreHr,reM, ynelnuenuofi

Naexanu.recroft ycrofi.runocrrro) Ha ocnoBe yrJrepoAubrx v MeranJr-yrJrepoAHbrx

HaHoBr{cKepoB z Hanorrflocrocreft, co3AaHbr u anpo1vtpoBaHbr tlx lpororr,rrrbr;

- c rroMorrlbro cQorycrapoBaHHbrx r,roHHoro v gJreKrpoHHbrx rrytrKoB co3AaHbr

[pororr{nbr Mr4Kpo- r4 HaHocrpyKTyp B KaHaJrax rraunpoQnrorlAHbrx qr{rroB [ns. 3axBara ur

ceJreKrlr4r,r no pinMepaM oAr,rHoqHbrx 6uoo6rerroB B Aua[a3oHe pa3MepoB or coreH HM, Ao

EAI,IHNU MKM.

4. I-leuuocrr HayrrHbD( pa6or collcKareJlt yrenofi cre11egl{.

Hay.ruar 3HaqnMocrr pa6omr onpeAeJrrercs sceft coBoKynHocrbro HoBbx Ia BarKHbu<

pe3ynbraroB, goAepxarquxcr B Ancceprar\nu. Pesyrlrarrr pa6orrr AorlorrH.sror r{ pacm[psror

cyrqecTByrorqlre MeToAr,rKrr co3AaHr,rr Mr,rKpo- r.r HaHocTpyKTyp AJrr ruI,rpoKoro Kpyra npnroxennft.

- co3AaHa MeroAr,rKa rpopunponanufr Merarrlrr4qecKr4x, Ar4gJrercqpr4qecKrlx 14

ru6pu4urrx HaHocrpyKT),p AJrr [Jra3MoHlrKr,r r,r Ar,rgJreKTpra.recroft QoroHnru Ha onrr{rrecKlr

[po3paqHhrx HerrpoBoArrrlax noAJronffiax c vcnoJrb3oBaHr{eM gJreKTpoHHofi nrrorpaSuu;

- [peAno)KeHa 14 o6ocnosaHa MeroAura QopnaI,tpoBaHlrr onrlrqecKux oJreMerrroB c

o4HoSoroHnofi crarr,rcrr,rKoft rasryreHvrfl, Lrs noJry[poBoAHr,rKoBbrx rerepocrpyKTyp AzBo c

KBariloBbrMpr roqKaMV c r,rcrroJrb3oBaHr,reM ererrponuoft nzrorpaQura 14 rrrra3Mo-

xr4Mr,rqecKofo TpaBneHr{lr Marepr{fiJroB;

- pa3BI4Ta MeToALIKa KolrponupyeMoro IpeIIU3LIOHHOIO uepeMelqeHl4t MI,I4pO- t4

uaHoo6reKToB B ycJroBr{lrx BaKyyMa vrnpv arlaocQepHoM AaBJreHprr4 rroA cQorycnpoBaHHblM

SJreKTpOHHbrM rIyqKOM r4 Jra3epHbrM rr3Jrr{eHr4eM c LrcnoJrb3oBaHr,reM TBepAoTenbHbrx r4fJl,a

TaKXe MeroAHKa noABerrrraBauut rrar, rroBepxHocrbro rroAnoxKr,I JII{croB AByMepHbIx Bau-

gep-BaanrcoBbrx MarepranoB, BKIIroqiuI rpa$eu ra MoSz;

- co3Aaua MeroAr{Ka rraognQunaq}rr,r Mra4poAracKoBbrx JIa3epHbIx crpyKTyp Ha ocHoBe

KBaHTOBbTX TOqeK B Cr4CTeMe Marepr4arroB AlBs C r4CnOJrb3OBaHUeM reXUOrOrUfi

crporycnpoBaHHoro r{oHHoro rD rKa, ocax,qeHr,rlr MareplraJra noA AeficteueNl

cQorycnpoBaHHoro gnercrpoHHoro trfrKa, MaHr,r[yJrutpoBaHrlr HaHoqacrLtIIaMI{ !^Jrfl

y[paBJleHr4fl crreKTpilJrbHbrM cocTaBoM tI Harrp aBneHHocTbro LI3Jry reHl{t ;



- [peAno]KeH I,I rIccJIeAoBaH Mero.q co3AaHr,ur Qyur<qraoniurbHbrx HaHoMexaHlrqecKnx

ycrpoftcre ua 6ase Merann-yrnepoAHbrx HaHocrpyKryp, QopnanpyeMbrx roA AeficrereN,r

cQorycupoBaHHoro oJrelclpoHHoro fl1^rKa;

- [peAJro)Kena v o6ourosaHa Mero.urrKa Qopurr,rpoBaHr{rr SyurqraoH[urbHbrx Mr{Epo- rr

HaHocrpyKTyp B KaHarrax rrar,rrcpoQnrorrAHbrx qr4noB c npvMeHeHr,reM rexnororuft

cQorycnpoBaHHoro proHHoro rrfrKa v ocorAeHr{f, MareplraJra noA AeftcreI,teM

cQoxycupoBaHHoro grercrpoHHoro rfrKa.

- r{ccJreAoBaHbr Lr pa3Br4Tbr Mero.ubr cllrrre3a Maccr,rBoB GaN Hr{TeBr,rAHbrx

HaHoKpLrcraJrJroB ri HaHorpy6or ua Si uoruroxKax c rroMorqbro MoJreKyJrrpHo-nfrKosofi

STII{TAKCI,II4;

- pa3BrlTbl MeroAI,rKI4 rrpororr,rlr4poBaH[r coJrHeqHbrx gJreMeHToe KoN,r6uHuponauuoft

pa3MepHocrr4 Ha ocHoBe oAzHoqHbrx GaN Hr4TeBr,rAHbrx HaHorgr4craJrJroB rr lrx Maccr{BoB,

cr{HTe3r4poBaHHbrx ua Si rroAno)KKax;

lparrnuecKafl snaqr{Mocrb pa6oru Myxuna I,I.C. saxJtroqaercr B cneAyrorqeM:

IIpu cosdauuu HaHocmpyKmyp dnn uauoQomoHLtKr,t, HaHoltJtct3MoHttKu,

Q o mo e onumouKu u H aH o gn eKmp oHuKu :

- pasBr,rTa MeToAr4Ka MaHurrynnpoBaEvrfl. oAnHoqHbrMLI Mr4Kpo- r,I HaHoooseKraMr,r

uaccofi roprAKa 10-15 r B BaKyyMe r,r rpr{ aruocQepHoM AaBnenvlvt, qro Moxer 6rrrr

LI CrrOJrb3 OB aHO B HaHOM aHurryntTopax HOB OrO rroKoneHr4r ;

- B rroABerrreHHoM Jrr4cre rpaQeHa, 3axaroM MexAy MeraJrJrr4qecKr4Mra KoHTaKTaMr,r,

Aocrrrrryra p eKopAHar rroABlDr(Hocrb nocnrereft sap fl,ra 2' I 06 cu2 lB' c;

- paspa6oraHbr r,r aupo6npoBaHbr MeroAr{KLt co3plar.Lrr crreKrpalrbHo cereKTzBHbIx

SJTeMeHTOB IJrr y[paBneHuJr MOAOBbTM COCTaBOM Vr HaIIpaBJIeHHOCTbIO I,I3nyqeHI,It

Mt4 KpOALTCKOBbIX JIa3epOB ;

- parpa6oraHbr HoBbre KoHcrpyKrlvrr coJrHeqHbrx gJreMeHToB Ha ocHoBe oALIHorIHbrx

GaN uureBzAHbrx HaHorqpr4crarrJroB r,r r{x Maccr{BoB ua Si [oAJlonffiax I,I pealI,I3oBaHbI I{x

IrpoToTI4nbI [epc[eKtlrBHble An.'I co3AaHl4fl cBepxKoMnaKTHbIx IOToqHLIKOB nrITaHI4t.

IIpu cosdaHuu HaHocmpyKmyp dnn uauouexaHuKu u uurcpoQnrouduxu:

- paccrrr,rraHbr HoBbre KoHcrpyKrlr4r4 t4 co3AaHbI upororll[u QyHrulIaoHiulbHblx C3M

3OHAOB Ha OCHOBe yrJrepOAHbrX v MeraJrJr-yrnepoAHbrx HaHocTpyKTyp, o6raAaroulpre

ylyrlrueHHbrMlr xapaKTeprrcr[KaMn (ynernveHHbrM acnel(rHblM orHoIIreHneM, ynenn.reunofi

MexaHr4qecrofi ycroftqzeocrrrc) no cpanueHrrro co craHAaprHbIMI{ Si soHgarrau;



- npeAJroxeHa KoHcTpYKrIr.r.s r4 co3AaH [poToTr.rn pe3oHaHcHofo AeTeroopa Macc Ha

ocHoBe oA[HorrHoro alaopQnoro HaHoBr{cKepa, JroKaJrr{3oBaHHoro Ha BeprrrrrHe

MerilrJrr,rqecKoro ocrprrrr, a raKxe rrpeAnoxeHa 14 arlpo6nponaHa Mero.qr,rKa ero rarn6poBKr,r

rryTeM Surcaqzu Ha BeptutaHe HaHoBr4cKepa oAr,rHoqHbrx cQep ranu6poeaHnoft Maccbl B

Arrara3oHe (19't+ - 10-15) r;

- paspa6oraHakr anpo6npoBaHa MeroAr.rKa co3AaHrrr QyHxqnoHaJrbHblx HaHocrpyKTyp

B KaHaJrax lazrpoQnrolrAHbrx rrltrroB, o6ecne.rtaBaroulne Qrarcaqr,rro 14 coprLtponry o6rerron

no piBMepaM B AI4a[a3oHe oT coTeH HM Ao eAI4HLIII MKM.

PerorvrenAa\uu [o [crroJrb3oBarrnrc. BosrdoxHrnuu uorpe6ureJltM]I rloJrfreHubrx B

Alrcceprarllrrd peynbraroB Moryr 6rrrr oprannsarJnv,3aHr.rMutrorqnecr pa3pa6orroft onrl,IqecKrlx

SJIeMeHTOB, Jra3epOB I,I CBeTOAUOAOB Ha OCHOBe KBaHTOBbD( TOrreK, AereKTOpOB, IrJIE!3MOHHbX

cTpyKTyp, [ony[poBoAHr,rKoBbx oTPyKTYP, a TaKxe opraJrr{3arlr4lr, 3aHI,IMaIOqUeC.fl I'ICCJIeAOBaITUfr,/LVL

s o6racru rr,rr.rr<po$nrorrAHbD( rexnororuft ll coJruerilroft eneprer]rKr.I. Pesylmarrr uoryr 6rrrr

lrHTepecHbr raKr,rM frpex,4eHr4rM KaK: Qe4epanuroe rocyAapcrBeuHoe 6roANetuoe yqpex,qeHue

HayKr.r <Ousr.rKo-TexHr,rqecKr{fi zncruryr r.rMeH}r A.O.l{oQQe Poccuftcroft araAeuulr HayK), Caurt-

llerep6yprcrnft llonurexulrtrecKuft Yuunepcrrrer lletpa Beruxoro, KoMlaHI,It OOO <KouHeKrop

Onrur<c> (Canrr-llerep6ypr), r,rHcrlrryr $zsuxu [oJryrIpoBoAHI{KoB I,rrra. A.B. PxaHona, LIHcTLITyT

Qusraxu Mr.rKpocrpyKryp PAH, Haqr.rouanrnrui rnccneAoBareJlbcKnfi rexnororrqecluft yHLIBepcI,ITer

<MZCnC>.

O6qas orIeHKa Arrcceprarlrr.

,{uccepraqur cocrollT I,I3 BBeAeHI[fl, Itrecr]r rJIaB, 3aKJlroqeHut I,I cutlcKa nr{Teparyprt. Bo

BBeAeHrrr{ cSopuylnpoBaHbr rleJr[ u 3aAarr]r uccne,uoBaHrlft. floctasJleHHble 3a.{aqu pemeHbl

rroJrHocrbro. ,{uccepraq[s xopomo oQopuJlena, .f,Brtrercs JIofI{rIecKI4 cs.f,saHHofi u laailvcana

r3brKoM, AocTylHbIM ml{poKoMy Kpyf y cneqEuInLIcToB.

.{auuax pa6ora orBerraer BceM ocHoBHbrM rpe6onanugla BAK. Terraa pa6otrr, 6esycloBHo,

aKTyaJIbHa. Ocuonnrre [oJIoxeHI,It, BbrHocI,IMbIe Ha 3arIIHTy, tBJltrorct o6ocnosaHHblMn,

AocroBepHbrMr.r H aupo6zponaHHbrMr{. Anrop paspa6otan HoBbIe MeroAI{KtI co3Aiurut MI,IKpo- n

HaHocrpyKTyp, a raKx(e ycoBepmeHcrBoBzur rr3BecrHbre. TeoperuqecK[e parpa6orrcz aBTop

peanr,r3oBaJr B rrporpaMMHbre rrpoAyKTbr Ha rrepcoHirnbHoM KoMIIbIOTepe, 14cVrx IIoMoIIIbIO BbIIIOJIHTIJI

o6pa6orxy MoAenbHbrx o6rexron. flpe4noxeHHble MoAenLI 6ruru uepz([wqupoBaHbl

9KCIIEPI4MEHTULIIbHO, IITO IOATBEPX,qAET }IX AOCTOBEPHOCTb U HATIHYIO IIEHHOCTb.

llonyrenHrre HafrHbre pe3ynbrarbr rrpomJrr,r anpo6aquro na poccuficKr{x Lt Mex,qynapoAHbrx

Hafrnbrx ron([epenqurx. flo Marepr{ElnaM ArIcceprallux ouy6rurKoBaHo 31 ne'rarHar pa6or, n

'r3.qaHrrf,x 
r{3 flepeqHs BAK PO. Ocnosurre noJIo)KeHLITI I,I peynbrarbl Al{ccepralluoHHoro



r{ccJre.rloBaHlrr rroJrgocrbro orpaKeHbr B orry6rrlrKoBar{Hbnr }I BxoAxlrryrx B clrllcoK BAK pa6otax

coucKareJul r,r anroPet[ePare.
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B qelorra Ar.rcceprarluoHHnf, pa6ora Myxuna I,I.C. npe4craBr.f,er co6oft 3aKoHrreHHoe

caMocrorreJrbHoe Ha)rrHoe r{ccJreAoBaur{e, }rMerorqee BarKHoe [paKTfiqecKoe 3HatIeHIEe. ,{auurre

patpa6orrr{ Moryr 6rrrr upunreHenbr B TexHr{Ke r{.rrpoMhrrtrJreuHocrr{ Anr co3AaHus KoMtIoHeHToB

orrrogneKTpouHbx npu6opon, B rracrHocrlr, Jra3epoB, AereKTopoB, ceHcopoB, coJrHeulbrx

gJreMeHToB, a raKxe rils. co3gaHns uurpoQnror.rAHbD( ycrpoficrn ynyqmeHHbIMI{

xapaKTepncrr{KaMn, AJrr co3.qaHr{r crreqnum3lrpoBanubrx Qynr<qnouanbHbrx 3oHAoB.

,{ncceprarlus (KoM6r,rHr.rpoBaHHhre MeroAbr co3AaH}It rI }IccJIeAoBaHVfl $ynrquoHaJlbHbx

HauocrpyKTyp Anr uauo(f oronLrKrr n HaHoMexaHurcu> Myxuna l4saua Cepreenraua coorBercrByer

rpe6onaurarru fl. 9 floroxenus o uplacyxAeHur,r freHbrx cteueueft, ytBepx,uenHoro

flocranoueHr.reM flpannrenrcrsa PO Ne 842 or 24.09.2013 r. (pea. or 01.10.2018), nocrolbKy B

neft npneo4flrcfl. pe3ynbrarbr KaK TeoperlrqecKoro, TaK r4 gKcrrepl{MeHTaJlbHoro uccneAoBarrut.

Peeylrrarrr Ar,rcceprarlr4oHHoro lrccneAoBaulrJ{ coorBercrBylor rpe6onauuxM, ycraHoBJIeHHbIM B rI.

14 <llonoxeHr.rs o [pucyxAeHrr,r 1'.reHbn< creueuefi> u nayruofi ctrelll{aJrbnocrpl 01.04.01

dlpu6opsl r,r Mero.{br eKcflepr{Menranrnoft Qr,rsurur>>, orpacnb HayKr.I - (luszrco-MareMarnqecKlle

HayKr4. .{nccepraqr,Lf, coorBercrByer rryHKTtM 1,5,7-8 [acuopra crleqfizlJlbHocru 01.04.01.

,{raccepraqus (KoM6r,rHrrpoBanHhre MeroAbr co3AaHl{fl rI LlccneAoBarrlze, Qylrr<quouaJlbHbD(

HaHocrpyKTyp AJrr uauoQoronvtnn v HarroMexaHurn> MyxuuaLlnana Cepreenuua peKoMeHAyerct

K 3arrlr,rre Ha colrcKaHr{e yreuofi creneHr{ AoKTopa Qusuro-uareMaruqecKr,Ix HayK rro

creqlraJrbHocrn 0l.04.01 dlpra6opu r,r MeroAhr eKcrrepl4Menramuoft tfusuru>.

,{uccepraq}roHHafl pa6ora paccMorpeHa u Hacrosrqee 3aKrroqenne [oAroroBJIeHo 14

yrBepxAeuo Ha HayrrHoM ceMr,rgape I{eurpa HaHorexHororuft <Oe4epalrnoro rocyAapcrBeHHoro

6rcIxersoro frpex,{eHr.r.f, Bbrcrtrero o6pasoBanvffi.vnaylrrtr <Canrr-flerep6yprcxrafi naquonanrnrul

lrccJreAoBarenscrzfi AraAerr{Frecxraft ynrrBepc}ITer Pocczficroft araAeurllr HayK) (llporoxon Jllb 2

or <26> Senpanx 2019 r.)

3arcmo.reH[e cocraBLIJI :

Yqeurrfi ceKperapb Ara.qeuuqecKoro

ynlrBepckrrera, 4. Q. -u.n.
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