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ooI,IUI,IarbHoro orrrroHeHTa Ha Arrcceprall[rc Ha corlcKalrl{e yrreHofi crerleHrl

Aorcropa Qnrnro-MareuarrrqecKrrx HayK K.neqa Bunropa llnanonnqa

Ha reMy: <<3prnccufl sJreKTpoHoB Ir3 yrJrepoAubrx lraHocrpyKTyp>>

1;o c[eq[aJrbuocrrr 1.3.8 - Qurura KoHAeHcIrpoBaIrHoro cocroflHlrfl

[nccepraqrroHHa.rr pa6om Kneqa B.VI. rocBflIIIeHa I{ccneAoBankrro

3aKoHoMepnocrefi aBTosneKTponnofi gMtrccvrvr, {oroun4yrlllpoBaHHux eQQeKToB rI

HeKoroplrx corryrcrByroqux xnrreuuit, Ha6lroAaeMblx AJII xonoAHbIX KaroAoB Ha

ocHoBe yurepoAHbrx Marepr{arroB u HaHocrpyKryp. Axryanrnocrb reMaruKLI pa6oru

He Bbl3brBaer coMHeuuit I4 orrpeAeJrlrercg, KaK 3HarII4TeJIbHbIM QyngarraeHT€ulbHbrM

HarrHbrM rrHTepecoM K sMr4cctrlr sneKTpoHoB 113 yIJIepOAIIbIX HaHOCTpyKTYP, TaK LI

BbrcoKofi [epcrreKTlrBHocrbro [paKTlrqecKoro np]IMeHeHrIt xoJloAHbrx KaroAoB Ha

ocHoBe yrJrepoAHbrx MaTepHurJroB B pa3nI/FIHbIX sJIeKTpOBaKyyMHbIX UpU6Opax.

(Dyn.qauenralrnrrft rrHTepec [poAr{KToBaH npexAe Bcero HilIII4q[eM oTJILIqI{TeJIbHrIX

oco6ennocrefi B MexaHpI3Me aBTogJreKTpoHnofi gur,rccvIn, Koropble Ha6rloAalorcfl

Anr yrJrepoAHbrx MaTepr{€rJroB r4 cBr3aH6I C }IX yHLIK€uIbHbIMI{ CTpyKTypHbIM[ II

gJreKTpoHHbrMrr cnoficrsaNalr. C [paKTuqecKofi ToqKI4 3peHl{f, aBTooJIeKTpoHHbIe

sMurTepbr r{MercT psA Heocropr4Mbrx npe}IMyIqecTB IIO CpaBHeHI{IO C ApyrUMI{

I{crorrHrrKaMlr cBo6oAHbrx gJIeKTpoHoB, H pelrreHue 3al.a'r, cBt3aHHbIX c

rrpeoAoneHr{eM. TexHuqecKHX vr rexHoJIor}IqecKrIX upo6neru I4x nnfrpenur B

[paKTHKy, ocraercs BecbMa aKTyurJrbHbIM B Hacrotlqee BpeM{. flpra sToM

Ha6rroAaercr aKTr{BHoe pmBr{Trre KaK TpaAI,IquoHHbrx rIoAxoAoB K co3AaHl4ro

xonoAHbrx KaroAoB, TaK r4 HoBbrx HanpaBJrenvrit, cBfl3auHbrx c [onyqeH]IeM HoBbrx

MaTepr{€rnoB kI I{cnoJIb3oBaHLIeM AocTI{x(eHI,Ifi HaHoTexHonornfi .

.{uccepraqlroHHoe rrccJreAoBanne LI3JIo)KeHo sa 323 crpaHI{II€x I{ cocrouT I{3

crpyKTyplrpoBaHa, aKKyparHo oQoprrarena, Harrucana xoporullM JlureparypHbrM

f,3brKoM Lr rrpaKTr4rrecKlr He coAepxr4T orreqaroK. Bo nseAeHIlLI K pa6ore obocnosaHa

BB€AeHur, [recrrr rJraB, 3aKrroqeHu{ 14 clLIcKa Jlureparypbl. Pa6ora xopouo

aKTy€urbHocrb reMarr.rKu r4ccJreAoBaHkrs., Soplaynnpylorcs ero qenb 14 3a4aqvl''



oTMerraeTcr HarrHar HoBLl3Ha yT rlpaKTuqecKaf, 3HaII]IMocTb, a TaK)I(e npeACTaBJIeHbI

noJro)I(eHurl, BbIHocLtMbIe Ha 3aIrILITy.

B nepBofi DraBe rrpeAcraBneH o6eop ocHoBHbrx HafrHo-MeroAl4qecKux

rroAXoAoB, KoTopbre rrclonb3yKlTcr npu uccJleAoBalJvlkr 3Ml{ccun 3JIeKTpoHoB.

Kparrco paccMorpeHbr rroJro)KeHlrrr reopuu aBTo3ileKTponnofi gMIlccI,In vr

rrpeAcraBJreH MareMarurrecKufi armapar, Koropufi npuvreHrlerc.tt B A€ulbHefiurenr s

pa6ore [pu aHaJru3e gKcrrep]rMeHT€rJrbHblx AaHHrIX. Tarxe [poBeAeH auaJrvrs

coBpeMeHHoro cocToflHrrrr Teopurl, [puMeHteMoLI Ant ollvIcalIus aBToSneKTpoHHbIX

sMlrrrepoB, uMerouryrx HaHoMerpoBbre p€BMepbI. ,{anee [peAcraBneHo o6qee

o[IucaHne sKcrreplrMeHT€ulbHbrx MeToAoB u ycTaHoBoK, KoTopble TpaAnquoHHo

trcrroJrb3yroTcr rrpkt LrccneAoBaldufl. aBTO3MLICCI4OHHbTX XapaKTeppICTrIK XOJIOAHbIX

KaroAoB. B ocraJrbHbrx HraBax pa6oru yKa3aHHbIe [oAXoAbI kr MeroAbI

rrpuMeHrrrorcrr B KoMrrneKce Arrfl. rr3freHzt xapaKTepHbIX oco6ennocrefi

aBTogJreKTponnofi gMlrccr4rr H3 p€BnI,IqHbIX yrnepoAHblx Marepuu[IoB Lt

HaHocrpyKTyp.

Bo nropofi HraBe rrpeAcraBJreHbr pe3yJrbrarbr 3KcrIepIdMeHTaIIbHoro

r4ccneAoBaHLrs aBToSneKTpoHHbrx sMuTTepoB

oAHocreHHbIX yrJIepoAHbIx HaHorpy6or v

Ha ocHoBe rpaQeHa, rpaQura,

poAcTBeHHbIX crpyKryp.

flpone4enHbre u3Mep e:nnfl. rpaenofi aBTooJreKTponnofi eMvrcckrkt LI3 tIJIeHor rpaQena

rroK€t3aJII4 Bo3Mo)KHocrb [oJryrreHl4rr AocraroqHo cra6ursnoro roKa c nrrcorofi

rrJrorHocrbro rrpr4 orHoclrreJrbHo Hr43KLrx [oporoBblx Hanptx(eHl{ttx. Takxe 6rulo

rroK€BaHo, arro BoJrbraMrepHbre xapaKTep krcrvrKu rpaQenonblx gMtITTepoB coAepxar

Bbrpa)KeHHbrrr Drcrepe3vc, KOTOpbII{ Mo)Ker 6urr o6lscneu AeficrsueNd

. rroHAepoMoTopHbrx cr{Jr, flp]rBoMrrl]rx K I43MeHeHlIO feOMeTpI4I,I gM]ITlIpyIOqero

Kpaf,. Bo nropofi .v:acru rJraBbr, rrpeAcraBJleHo cpaBHIlTeJIbHoe LrccJleAoBanvre

KaroAoB Ha ocHoBe oAHocreHHbrx yrJrepoAHbrx uaHorpy6or, o6laAatorqux

MeralruqecKrrM u rroJrynpoBoAHuKoBblM TI{IoM npoBoAllMocrrl. O6uapyxeuu
G

KaqecrBeHHbre orJruqur B r4x aBToSM[ccI{oHHbIX csofictnax, Koropble 6Fj.nu

o6rscHeHhr p€l3ruquofi xouqeHTparlr4efi nocnrelefi:apr,4a B AaHHrIX crpyKTypax. B

3AKJIrcIIEHIIE fNABbI IIPEACTABJIEHbI PE3YNbTATbI KOJIIITIECTBEHHOTO CPABHEHI{'I
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sKCrIepUMeHT€lJIbHO IOJD teHHbrX aBTOsMrrCCr{OHHbrX XapaKTeprrcTr{K yr.JrepoAHbrx

K OIILTCAHI4K)

HCCJIEAOBAHIiII

HaHOpa3MepHhrx

oAHOCTeHHhre kr

aMopQnbrx crpyKryp c cy6HaHoMerpoBbrM paAr.rycoM rr reoperr4qecKLrx pacqeroB,

IIpOBeAeHHbTX C UCrOnb3OBaHr{eM p€BnEqHbrx noAXoAoB

HaHopa3MepHbrx aBToSJreKTpoHHbrx sMLrTTepoB.

Tperrx rJraBa coAepxr{T orrucaHrre pe3ynbraroB

aBTO9MLTCCT{OHHbrX KaroAoB, cocroflrllr{x u3 oolHuoro qllcra

SMuTTepoB c BbIcoKLtM acrreKTHbIM oTHoIrreHI{eM, TaKI4x KaK

MHorocreHHhle yrnepoAHble HaHorpy6rcu, yHrepoAHbre HaHocreHKr{, HaHoBoJroKHa

oKcLIAoB Mer€urJIoB u Apyrne. flpe4crannen AocraroqHo 6olrruofi o6teu
gKCrIepI4MeHT€UIbHbrX AaHHbrx, BKJrrcqar BoJrbraMrrepHbre xapaKTepucruKrr KaroAoB,

SMIICCI{OHHbIe KaprLlHbr u Kaprhr paclpeAeJreHH{ 3Mr{CCr{OHHbrX rIeHTpOB,

rIoJI) IeHHbIe c rloMolrlbro cKaHr4pyrcqero aBTogMr4ccuoHHoro Mr4KpocKorra. [Jrg
auuru3a rroJqrueHHbrx AaHHbrx pa^:pa6orana MaTeMaTr,IqecK€ur MoAeJrb .

MHorooMl{rrepHoro KaroAa, xoropufi 6ur [peAcraBneH B BLrAe peryJr.f,pHoro

MaccI4Ba III4n[IHApI{qeCKI{X I'Irrr4 lracTuHrrarbrx SMrrrrepoB, pacnono)KeHHbD( Ha

mocrofi noAJloxffie. llponeAeHHbre pacrrerbr [oKa3aJrr4l qro raKafl orHocnTeJrbHo

Irpocr€ul Mo,qeJIb, no3BoJlter aAeKBarHo o6r.f,cHkrrb noJryrreHHbre gKc[epr{MeHTarlbHo

lapaMerpbl I{ccJreAoBaHHhrx aBToKaroAoB B paMKax gKcrrepr4MeHralrnofi

IrorpeInHocTII LI3MepeHIat IIx cTpyKTypHbIX XapaKTepLIcTLIK. ,{alee B HraBe

rIpoBoAI4TCfr aH.adrld3 BO3MOX(HOCTr4 npaKTLrqeCKOrO npr{MeHeHufl HaHoyfJrepoAHhrx

KATOAOB B BAK)TTIVIHbIX 9JIEKTPOHHbIX IPU6OPAX HA TIpI{Mepe rraHorPaSIITHbIx

rIJIeHoK. llpegcrauJleHbl 3aBucr{Mocrlr aBTogMr{cctroHHHx csoficrB HaHorpa$ururrx

KaroAoB or pa3rI4qHbIX ycnosuirux gKcrlnyararltrkr, Ha ocHoBe Korophrx o[peAeJreHbr

I4X OCHOBHbIe gKCrIJIyaTarI[OHHhre [apaMeTpbr, BKJrK)rrar MaKcrrMtulbHyro rrJroTHocTb

ToKa, AoffoBeqHocrb u cta6utbHocrb. B gaxffo.reHrae rJraBbr rrpoAeMoHcrpr{poBaHa

Bo3MoxHocrb rIpHMeHeHVrr HaHolpaSuruux rrJreHoK B pa3rr,rqHbx gJreKTpoHHbrx

ycT)orrcrB€x, BKIIOq€LS KATOAOJITMLIHECIIEHTHbIE JIAMIIbI. LICTOqHZKLT

peHTreHoBcKofo l,I3JrrreHr4r, KaroAHo-ceroqHbre y3nbl AJrf, KJILTCTpOHOB Lr SJIeMeHTOB

KooMLFIecKI,IX anlaparoB. B paMKax grrlx t4ccJreAoBanuit paspa6oraH pflA

opurzHiulbHblx rconcrpyrqufi kr Lr3roroBJreHbr [pororr{rrbr ycrpoficra, Koropbre



rIoKil3€IJILt BbICOKyIO nepCrreKTLrBHOCTb IIpaKTrueCKOrO VCIOIb3OBAIJUI,

HaHorpaorrTHbrx [JreHoK.

B qeTBepTor4 rJraBe rrpeAcTaBJreHbr pe3ynbTaTbr r{ccneAoBaHkrfl

MrrKpop€rsMepHbx €urM€r3HbrxaBTOsneKTpOHHOft S}/.VTCCLTZI rr3 €trrMzl3a, Ha rrpr4Mepe

MoHoKprIcrzuIJIoB zrJlorloAo6uofi Qoprvru. Ha ocnoBe n3Mepenufi. BoJrbraMrrepHbrx

xapaKTepLIcTLIK kr pacnpeAerrellvrs. sMLrTLtpoBaHHbrx gJreKTpoHoB rro sHepf[rM B

3aBI{CLIMOCTLI OT TeMnepaTyphr OrrpeAeJreHbl MexaHkr3Mbr sJreKTporrpoBoAHocTvr u

aBTogneKTponnofi glr.trccuu Anf, €rJrM€r3Hbrx MnKpor{Hr, Koropbre B rlenoM xapaKTepHbr

Ar.s aHarorvqHbrx ocrpufinrrx gMr.rrrepoB Ha ocHoBe Apymx rroJryrrpoBoAHuKoBbrx

Marepl{€uloB. llpone4ennue }rccJreAoBanvfl, Tarcr(e rroKa3arru, qro B rrpoqecce

oMLTccuu noBepxHocrnsrfi crofi aJrM€BHoro sMrrrrepa Mox(er 6rrrr upeo6pa:oBaH B

arvropQnrrfi ymepoA I,I rpa$Lrr, rrro rro3BoJrf,T 3HarrrrreJrbHo yBeJraqnrb or6upaervrufi

roK Ao coreH MllKpo€tMnep. KpoMe eroro n pa6ore [peAcraBJreH rIr4KJr rlccneAoBanufi,

snerrponHofi gMrrccr{r{ pr3 arrM€l3Hbrx Mr4Kpor4rn

II3JIfIeHLIfl C p€I3IHTIHbIMLI XapaKTepIrtcTIIKaMu.

rroA 4eficrnr,reu na3epHoro

I4zvepeuun noKa3aJru, qro

ocBelrleHue [prIBoArIT KaK K u3MeHeHlrrc s$QercrnnHoro colpor]rBJreHr4{ r,rnrbr 3a

cqer HarpeBa I{ QorouponoAr{Mocr}r, TaK v r na6nroAeHuro pa3nrFrHbrx MexaH}r3MoB

SMI4CCUrr 9JreKTpOHOB, BKJIK)qAf, rpoqeccbr Qorocrzuyrr4poBaHHofi

aBTogneKTponnofi gMt4ccrrra u naa6aprepHofi Qorosnexrpounofi evrvrccvrLr, flpuqeM

IIpu uC[OJIb3OBaHLII{ I{MIIynbCHbIX na3epHblx I4CToqHLIKOB c BbIcOKOt;l MTHOBCHHOE

\Molquocrbro AaHHbre [poqecchr Hocrr ruuorof oroHnrrfi xapaKTep.

B nsrofi rnaBe u3Jro)r(eHbr pe3yJrbrarbr vaytrc:ar4r HoBoro s$Qerra,

oOHapy)KeHHorO B XoAe LIccJIeAoBaHufl. SMI,ITTepOB Ha OcHoBe UIIIM€L3HbIX MI4KpoI{HI I4

yrnepoAHblx Hanorpy6or, rcoropufi lporBnrJrcf, B BprAe BoJrbraMnepHbrx

xapaKTeprlcrrlK aBTooneKTponnofi gv'krccukr nonHoo6pa3uofi Qopnru u

cooTBeTSTByIOUIZX [epVOAr{qeCKkTX rr3MeHeHr{r{ B SHepfopacnpeAeJreHur{

oMLITHpoBaHHbrx gJIeKTpoHon. B cJrfrae aJrMul3nbrx Mr4rqpor,rrn 6ruro ycraHoBJreHo,c
rITo Bo3Ht4KHoBeHlIe AaHHbrx oco6ennocrefi s aBTogMr4ccuoHHbrx csofictsax cBt3aHo

co crpyrrypuofi repuo-roJleBofi uepecrpofircofi sMr4rrepa n o6pasoBaHueM Ha ero

yrnepoAHoro
4

OKOHITAHHI4 HaHOp€r3MepHOfO BhrcTyrra. Ilrs. o6rscuesus



Ha6nloAaeMbrx DKcrrepr.rMeHT€LrrbHbD( 3aBllcr{Mocrefi B pa6ore [peAno]KeHa

MareMarurlecKarr Mo.{enb efferra, ocHoBaHH€ur Ha rrpeAnoJro}KeHr{r{ o :aaJrtr.tvru

TyHHeJIbHoro 6aprepa Mex(Ay oMrrrupyroulLIM HaHop€BMepHbrM Brrcry[oM pr

ocT€IJIbHbIM KaTOAOM, KOTOpbrrr rrprrBoALrr K oAHoeJreKTpoHHoMy xapaKrepy

TyHHenupoBaHur gneKTpoHoB B BaKyyrvr 3a cqer frBrreldius. KynoHoBcrofi 6lora4u.

flpone4ennoe MoAenr4poBaHue rroKzl3ulrlo xopouee corJracze reopuu v
SKCrIepLIMeHTa V nO3BOJIrrJrO yCTaHOBrrTb BO3MOX(HbIe npLIaII4Hbr rrOAaBJreHI{rI

oAHooneKTpoHHbrx e@Qerron npu BbrcoKl{x HanpffKeHr{rx. I{x EurM€l3Hbrx

MLI{pOkrfn, crpyKTypa KoTopbrx 6rrra ycraHoBneHa c [oMorrlrro rpocBequBaroqefi

MllKpocKorrvIvt, 6ruo rroJrfreHo AocraroqHo xopouee KoJruqecrBeHHoe

cooTBeTcTBLre pacqeTHbrx Lr SKcrreprrMeHT€IrrbHbrx [apaMeTpoB BoJrbTaMlepHbrx

xapaKTepucruK. Kporvre 3Toro, B aBTogMrrccrloHHbrx gKcrreprrMeHTax c €trrMa3HbrMra

MuKporrrnaMu B pf,Ae cnfraeB laapflAy c eQQercroM KyJroHoscrcofi 6noraAu rarcr(e

na6nro4anncr oco6ennocrz, xapaKTepHhre 4rrfr eQQercra pesoHaHcHoro

TyHHenLIpOBAHUfl,, CBf,3aHHOTO C p€BMepHbrM KBaHTOBaHUeM B HaHO9MLrTTepe,

KOTopbIe HaXOALInlIcb B XOpOIIeM KaIIecTBeHHoM Corllacuu c ilpeAnox(ennoft B

paooTe Mo.{enbrc.

Illecra.f, rJraBa rrocBrrrleHa r,r3freHrllo gneKTpoMexaHlrqecKr.rx rrwenuit,

Koropble Ha6nro4zurrEcr npu r{ccJreAoBanvrr4 aBTogJreKTponuofi oMr{cclfrr{ rr3

yrJlepoAHbrx Marepr{aJroB u 6rtnu o6ycrouenrr 4eficrBr4eM noHAepoMoropHbrx cHJr,

rIpLIBOMrrIrrX K.MexaHrlrrrecrofi 4eQopnaaquu gMrrTTepoB. Errno o6uapy*eHo, rrTo

4eSoprraaqux yrJrepoAHbrx uaHorpy6or u rpaSenonrrx

aBToeJleKTponnofi 3Mr{ccuu Mo)Ker npr,IBoAI{Tb K s(p$erry r}rcrepe3r{ca B

BOJIbTaMrrepHbrx xapaKTepr4cTlrKax, z3MeHeHr4ro npocTpaHcrBeHHofo paclpeAeJreHr,rt

oneKTpoHoB B rr) rKe, a rarcKe K oco6ennocrsM B Kaprax pacnpeAerreHns.

SMHCCIIIOIIHbIX qeHTpOB, rroJrrraeMbrx C nOMOIqbIO CKaHr4pYrOqefi aBTO9MUCCITOHHOfi

Mll5)ocKonuu. Hau6olee rpKr4M KarrecrBeHHnrra eQQeKToM, ua6nroAanurrrMcr AJUr

gMLITTepoB Ha ocnoBe aJrM€r3Hbrx MlrKpor,rrn Lr ynrepoAHbrx uauorpy6or, 6uro

nos6yxgeune caMorroAAepxuB€rroq[xcf, sJreKTpoMexaHuqecKnx aBToKoJre6anuit,

Ha6nroAasurnxcr B [poqecce aBTogJreKTponnofi gMr.rccuu npv [plrJroxeH[n
)

rrJreHoK B npoqecce



rlocro.f,HHoro Harrpflx(eHaf,. filw o6rxcHeHrrrr AaHHoro eQQexra, 6wt:e [peAno)KeHa

MoAenb cl{creMbr, coAepx(arqas. ru6rcufi aeroereKTpoHHbrfi glrzrrep, ABrrxcyt4nitcn

noA ,qeficrnneu crrJrbr yrrpyrocrlr 14 gneKTpocrarraqecrofi cuJrbr. AHanzs

rlpeAJlolKennofi MareMarr{.recrofi MoAeJru cEcreMhr u npoBeAeHHoe MoAeJrupoBaHr{e

IIOKa3an[ XOpOmee COInaCue C IOJI]nIeHHbIMI{ 9KCIIepIIMeHT€IJIbHbIMI{

3aBkIcI4Mocr{MLr r4 rro3BoJrrurE cQopMynupoBarr na6op rpe6onannir rc napaMerp€rM

cLIcreMbI, Koropbre neo6xo4uMbr Anf, pe€urn3arlurr aBToKone6arenbHoro pexsrMa.

B garuroqeHrru [oABeAeHrr o6que urorrl rrccJreAoBaHvrs., cQoprvryru4poBaubr

ocHoBHrIe BbIBoAbI I4 pe3ynbrarrr pa6orrr, a raKxe paccMorpeHbr rrepcrreKTuBbr

Aarrnefiru eft pazpa6orKrr reMbr AprcceprarlLt4.

B Ar4ccepra\rru rrpeAcraBneH 6omruofi o6rervr oKclepvMeHT€trrbHbrx

pe3yJIbTaToB, IloflyqeHHbrx Arrfl rnHpoKoro Kpyra pa3ruqHbrx yfnepoAHbrx

MaTepuaJIoB LI HaHOCTpyKTyp C r{CrrOJrb3OBaHLIeM KOMrrJreKCa B3arrMOAOrrOnHrrOrrIHX

MeroALIK. flo4po6nnfi aHaJrrr3 rronfreHHblx AaHHhrx, upone4ennrrfi c

LICrIOJIb3OBaHr.reM OpUrprH€UrbHbrX QUenUeCTZX UO4elefi, rrO3BOJrHJr perrMTb pflA

Ba)KHrIX Syugarr,renT€urbHbrx rd [puKJraAHbrx HafrHbrx 3aAarr n o6lacrr,r Qnsuru
!

TBepAoro reJra, suucczonnofi gJreKTpoHlrKrrr, Szsuru rroBepxHocrr,r

IraHorexHororufi. C oAnofi cropoHbr, n pa6ote [oJrfrr{nu pa3Br,rrr4e rpaAurlnoHHbre

noAxoAhl K co3AaHrrro u [paKTr4qecKoMy LrcrroJrb3oBaHuro xoJroAHbrx KaToAoB.

I4sloxeHrr u anpo6upoBaHbr HoBbre rexHprrrecKr{e perneHlrs KaK rro co3AaHuro

rpaAuIInoHHbIX ycrpoficrs BaKyyMHofi srerrpoHrrKLt (peurrenoBcKr4x rpy6ox, CB[I-

upIE6opor u Ap.), TaK vr HoBbrx ptl3HoBlrAnocrefi BaKyyMHbrx

(raro4oaloMplHecrleHTHbrx JraMrr, gJreMeHToB KocMuqecrdx a[[aparoB,

rpaSenonbrx 3MlrccrroHHbrx crpyKTyp, gJreKTpoHHbrx [croqHr,rKoB c rrMnynbcHbrM

Qoronoa6yx(AeHueu), yrurnBarcrqux cneqzfnKy KaroAoB Ha ocHoBe uccneAyeMbrx

yrnepoAHblx Mareprr€rJroB. Buecre c grrrM n pa6ore co3AaHbr lr r{3) reHbr HoBbre rlrrrbr

MaTepr.rurJroB, o6naAaroque

oTKpbrBzlroT HoBbre Ha) rHbre

HanpaBJreHr{}r

ycTporrcrB

rrJraHapHbrx

SMHCCI{OHHbIX
e

yHI,rKUurbHbrMn

HanpaBneHafl

-ooHapyxeHHor4

crrcTeM Ha ocHoBe yrJrepoAHbrx

oMr4ccrroHHbIMI4 cnoficrsaMl4, Koropbre

LrccJreAoBasnft.. OaHo vr3 TaKr[x

BO3MO)I(HOCTbTO CO3AaHrIt TTOJIHOCTbTO
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cBt3aHo c

SMLICCIIOHHbD(yrJrepoAHbrx



rerepocTpyKTyp, B KoTopbrx Moryr rrporBJrrTbc{ eooeKTbr oAHoeneKTpoHHoro u

pe3oHaHcHoro TyHHenupoBaHr.rrr. Passurue gTr{x syn4arraeHTuurbHbrx nccneAoBarruit

noTeHrlr4alrbHo Mox(eT IIpvBecT]I K co3AaHr{Io oAHogJIeKTpoHHbD( aBTo9MIICCLIOHHbTX

KaTOAOB, rrpeAcTaBJrf,rcrqrfrx errcorufi EHTepec NrA pa3JrlrqHbx coBpeMeHHbrx

oneKTpoBaKyyMHbrx ycrpoficrn. .{pyroe HalpaBJreHue cB.fl3aHo c co3AaHLreM kr

H3yrreHr{eM cucreM c ru6r<uupr yrJrepoAHbrMkr aBTogneKTpoHHbrM}r gMrrrrepaMvr, NDI

roroprx 6un o6napyxeH prA oJreKTpoMexaHr.rrrecrnx e(pQeKroB, orKpbrB€uor&rx

BO3MOXHOCTb CO3A AHUfl, HaHOSIeKTpOMeXaHUTIeCKLTX yCTpOLt CTB HOBO| O TrIIrA.

B qenov Ar,rcceprarlrroHHar pa6ora Kreqa B.VI. rpeAcraBJurer co6ofi rleJrbHoe

pI 3aKOHqeHHOe HarrHOe UCCJIeAOBaHU9, BbIrrOJrHeHHOe

upo$eccnoHaJrbHoM .HafrHo-TexHuqecKoM ypoBHe.

BbIHOCT{Mbre Ha 3arrlrrTy, vr BbrBoAbI

o6ocnonaHHbrMu, a ux AocroBepHocrb

pa6oru

V HOBI{3HA

AnropeQepr Lr ouy6ruroBaHubre pa6oru s rorHofi Mepe 14 npaBr{JrbHo orpaxalor

coAepxaHr{e A}rcceprarluu. flpe4cranJreHHble n pa6ore pe3yJrbrarbr MHoroKparHo

npoQumnsrx Me)KAyHapoAHbrx

ceM[Hapax n ron$epenrlr4rrx.

Buecre c reM K AlrcceprarllroHHofi pa6ore rrMerorcr HeKoropble Bonpocbl 14

3aMeqaHl{t:

1. Ha crp.30 Ancceprarluu y[oMr{Harorcf, ABe MeroAvrKvrr ncrroJrb3oBaBrrluec.fl

AJrr rlrcMepeHr4fl SHepreTr{rrecKofo crreKTpa gJreKTpoHon (sa4ep)KLrBurroulufi fiorenqllaJl

u uolycQepuqecKrlit anarusarop). Yrcasrrnaerct, r{To <<YctanosKrl, ocHaIqeHHbIe

uonycQeprarrecKLTMlr anaJrur3aropaMr4 gHeprr4Lt gJreKTpoHoB, rro3BoJurror rroJrflarb

crreKTpbr c BbrcoKr{M pa3perrreHr{eM), oAHaKo KoHKpeTHuuI BeJIvqvHa gTofo

pa3perneHlrr He yK€BbrBaercr. Karoe pa3pelxeHl,Ie 6uno Aocrl{rHyro B o6onx

cJrfr€utx r4 B KaKofi crenenLr AocrlrrHyras, BeJIIarIrlHa prupelrreHl{.fi coorHoc]ITct c

rp E[ o nan vflvtr4 prc c JreA o B alauir?

2. Ogn:rrrr. us [yHKroB nayruofi HoB]I3HrI pa6orn yKa3aHo o6uapyxenue

3aBlrcr{MocTr.r aBTosMuccr4u Lr3 yrJrepoAHbrx nanorpy6oK oT TIIIa I{x [poBoAI,IMocTIlt

(ueralmrqecK€tf, vrJrr4 rroJrynpoBognuronar). Taxas, 3aBrIcLIMocrb or rurra
7

I{ I{3NO)KEHHOE HA BbICOKOM

Hay+rue rroJro)KeHnf,,

rrpeAcraBr.sroTcr xopoluo

He BbI3bIB€ilOT COMHeHII I.

AOKJraAbrBa-JrLrCb aBTOpOM Ha rrpecrrDKHbrx



rrpoBoAuMocrrr AaBHo rl3BecrHa r{ AocraroqHo xopomo E3)rreHa. IIro s AaHHoM

cnfrae rroApa3ryeBaercr rroA HoBlrsHofi?

3. Ha crp. 44 ALrccepraqlrLr yKa3brBaerct orpaur{rreHrre JruHeftnoft [rrorHocrrr

ToKa upz na6mo,{eHrru sMuccuu Lr3 Kp€rf, rpaQena n 0,5 uA./cu, rrro, c ) reroM

ToJrrqr.rHbr rpafieua [oprAKa 0,35 Hu, gKBrrBarIeHTHo BeJrrrrrr{He 104 A/cna2. Kar sra

BeJrrIqLrHa coorHocrrrcr c yKa3brBaeMbrMrl r pa6ore MaKcr{MuurbHbrM 3HaqeHrIeM

cpe4nefi rrJrorHocrrr roKa n 1 A/crvr' Ar" MHoroeMuTrepHbrx KaroAoB ("tp. 127), a

TarcKe c orleHKofi upe4erbHoro 3HaqeHr4r rrrlorHocrr{ ToKa sMprccr{Lr n 108 Nctfi
(ctp. 126)?

4. 3rcuepurraeHTbr rro repMruecKoMy oKrlcJreHr{ro HaHorpa$zrnrrx [JIeHoK

(pa:4en 3.4.1 Aucceprarlun) uora.:brB€lror HEuII{que arvrasHofi Qasu Ha lpaHrIIIe

pinAena MexAy nanorpaQvrHbrMrr ueuryfirarvru n

flpncyrcrnue AugJreKTpvqecKoro €rrrMa3a Mo)Ker

corrporrrBneHue B roHrartrofi o6racru v\ TeM

oJreKTpr,FrecKoro roKa. B pa6ore HLrqero He roBopkrrcfl, o6 yrere groro Qar<ropa npu

aHaJII{3e 3MrICCIIU 9JIeKTpOHOB It3 TaKI{x IIJIeHOIIHbIX MaTePIIIUIOB.

Crerannue

AuccepraqlroHnoft

3aMealaHut He 3aTparrrBaror ocHoBHbIX BbIBOAOB

He cHrrxaror ee o6qyo BbIcoKyIo oIIeHKy.

YCTAHOBJIEHHbIM MocroscKril\a

rpeunuenofi uoAroxrcoft.

BJrrrrrb Ha SneKTpnqecKoe

caMbrM, Ha upoTeKaHHe

pa6orrr pr

,,{vrccepraqur orBeqaer TpeooBaHvIflM,

focyAapcrBeHHbrM yHr{BepcureroM uMeHr.r M.B.JlorraoHocoBa r pa6oranr uoAo6noro

poAa. Co4epxanue Aucceprarrtrv coorBercrByer crreqkT€urbHocrl4 1.3.8 - Qzsura

KoHAeHcupoBaHHoro cocromrux (no $usuro-vrareMarlrrrecKrrM Hayrarra), a rapKe

Kplrrepr{.f,M, orrpeAeJreHHbrM rr[. 2.I-2.5 floroxeHu.s o rrpucprAenkrvr freHbrx

crenenefi s MocroscKoM rocyAapcrBeHHoM yHrrBepcurere uMeHet M.B.JIoMoHocoBa,

a raK)Ke o$oprralena corJracHo rpe6onauusu florox(eHkTfl o coBere rlo 3alrlure

Alrccepraqlrfi na colrcKaH[e yreuofi crerreHl4 KaHAuAara HayK, Ha col{cKankre yreuoZ

crgreHrl AoKTopa HayK MocroscKoro rocyAapcrBeHHoro yHrrBepcl4Tera nMeHrI

M.B.Jlol,roHocoBa.
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Tarcr,rna o6pa:ou, col4cKareJrb Kneu Burrop ZeaHosra.r 3acJryxrlBaer

rlpklcy)KAeHvrfl yrenofi crerreHz AoKTopa Suszrco-nrareMaruqecKr/rx HayK rro

cnequ€urbHocru 1.3.8 - Qusura KoHAeHcLrpoBaHHoro cocro{Hrd{.

O$raqr,ralrnrrfi orrrroHeHT :

AoKTop Szszro-naareMarr{qecKlrx HayK, upo$eccop,
3aMecrureJrb 3aBeAyrcrqero ra{e4pofi naryyrranofi
oneKTpoHrrKLr Qe4epalrHoro rocyAapcrBeHHoro
aBToHoMHoro o6pasonareJrbHoro frpexAeHprr Bbrcrxero
o6pa:onanur <<Mocxoscrcufi Susuro-rexnu.recKr,rfi
I{Hcrrrryr (naquonanrnrrfi LrccJreAoBarelrcrcufi
yHr{Bepcurer)>>,

Llleurun EsreHzfi llasrosz.r

f 8, O7 2024r.

Konrarcnrbre ,qaHHbre:
rerr.: +7 (495) 408-59-44, e-mail: sheshin.ep@mipt.ru
CuequzurrHocrb, rro Koropofi oSuquaJrbHbrM onloHeHToM
3 arq[rrleH a Ar{ c cepT arll1lfl:

0 1 . 04. 0 7 -Snsura KoH.{eHcupoBaHHoro cocrorHr.rrr
I

Aapec Mecra pa6orn:
I 417 00, Mocroncrax o61., r.,{omonpyAHbrfi , ?Iucrnryr cxuir, nep. 4. 9.
@e4epamnoe rocyAapcrBeHHoe aBToHoMHoe o6pasonareJrbHoe
Bhrcrrrero obpasonauzr <<Mocroncxuit Qusuro-rexurrecxnfi
(uaqzoHanrnrrft rccJreAoBarelrcrufi yHr4Bepcr4rer), raQe4pa
3JreKTpOHrrKr{

Ten.: +7 (495) 408-42-54; e-mail: info@mipt.ru; https: llmipt.ru

llo4uracr 3aM. 3aBe.4yroqero rca$e4pofi naryyuuofi oJreKrpoHr{Kkr, A.ib.-u.n.,
upoQeccopa llleuuna E.fI. yAocroBeprrc:

yqpen(AeHr.re

r{HcTr4Tyr

naryyunofi
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Y.reHnfi .ce{perapb MOTI4

G

Esceee E.f.
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