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o$uquanbHoro olnoHeHra Ha Auccepralll4oHHyro pa6ory flnruEnuyra Apreua

cepreenuqa <<csfl3aHHbre cocToflHllq B KoHTrrHyyMe B I{HTefpI{pyeMbIx

HeHHTeIpnpyeMbIx B0JIHOBOAHbIX CTpyKrypaD)r [peAcTaBneHHyto

cOzcKaHLIe yrenOfi cTeIIeH[ Kalr'Av4aTa QuSuro-uaTeMaTuIIeCKI{X HayK

creqr€rJrbHocrr{ 0 1 .04.07 - Qxsura KoHAeHCr4poBaHHOrO COCTO'HII'.

flpe4cranreHHas ArrccepTarlr4rr nocBqlrleHa u3) IeHUIO CBt3aHHbIX

cocrosHr,rfi B KoHrprHyyMe (ccK), Koropbre npeAcraBJlsror co6ofi B9JIHsI,

ocTaroru[ect noK€uII43OBaHHbIM]I HeCMOTp{ Ha TO' IITO OHI4 COCyqecTByIoT C

HenpepbIBHbIM cIIeKTpoM pac[pocTpaHf,Iolq[Xcs BSJIH. I4x cylqecrBoBauvre

BnepBble 6unO npeACKa3aHO B KBaHToBOfi MeXaHlIKe, HO B A€UIbHeftIIIeM

BblscHlrJlocb, rrro gro o6ulee BoJIHoBoe f,BJIeHlIe, xapaKTepHoe l.nfl MHorlIx

o6lacreft Su:nru. B sa4auax o BoJrHoBoM paccefllnlavr CCK MoxHo paccMarpkrBarb

KaK pe3oHaHcbr, [Mercrque HyJreByro uMpI4Hy lrr4Hhrvr (6ecroneqHoe BpeMt

xt43Hrr), a cJreAoBareJrbHo - 6ecroneqHylo Ao6porHocrb. Ha [paKTI{Ke' KoHetIHo,

HeBO3MOIKHO TTOJIHOCTbIO I4CKITOqUTb noTepl{, noSToMy BpeM{ xQI3HrI TaKI{X

pe3oHaHcHbrx cocrof,Hr,rfi 6yaer onpeAeJltrbct I4x BeruquHofi. Teu He MeHee'

pe3yJrbTaTbl npoBeAeHHbIX K HaCTOtIIIeMy BpeMeHu TeopeTl4qecKl{x 14

gKcrreprrMeHT€urbHbrx rlccJreA oBaH:zir yKa3blBalor Ha Bo3MoxHocrb cylqecrBeHHoro

yBerr{qeHrrr Ao6porHocrrr 3a cqer flBilenr4fl. CCK. C yrerou BbIIIre[3JIor{eHHoro

MoxtHo 3aKJIIOqlITb, qTo LIccJIeAoBaHIle llulunuyKa A.C., 6erycnonHo, tBJIteTc{

aKTyaJIbHbIM.

,{uccepraqlroHHar pa6ora coAepxur BBeAeH}Ie, rrflTb rJIaB' TpI'I LI3 Koropblx

coAep)Kar opr{rraH€rflbHbre pe3yJrbrarbl IdccneAoBaH:rrs' u 3aKJIrorIeHLIe. Bo

BBeAeHrrIr OlIIcbIBaeTCt aKTyZIJIbHOCTb IIpOBOAIIMbIX I4CCJIOAOBaHI'Ifi, OIIeHI{BaeTCtr

r4x HoBlr3Ha lr npaKTlrrlecK€It 3HaaII,IMocrb. 3areM QopuynupyrcTct ocHoBHbIe qenu

v gallaqu, a TaK)Ke rIpr4BOA{TC.fl OCHOBHbIe IIOJIO)KeHI{', BbIHOCI{MbIe COUCKaTeJIeM

Ha 3aIrIlITy.

Ilepnan ruraBa KpaTKO OrrkrcbrBaeT I,ICTOpI'Irc Ll3yrreHuf cBt3aHHbIX

cocTof,HLIfi s roHrLIH)ryMe, HaIILIH€UI c 1929 IoAa, KorAa @oH HefiMaH I{ Bulrep

rrpeAcKa3aJru vrx cyulecrBoBaHlre. OcnosHofi xe aKIISHT AeJlaerct Ha oilkrcauvv

pa3nllqHblx MexaHLI3MoB, rIprIBoMIrI[x K QoprvrupoBaHl{ro CCK B pa3rtl,rqHoro

POAa BOJIHOBbIX CTICTeMaX.

Bropar fJraBa rrocBrrrleHa o[]rcaH]rro MeTOAOB rI TIOAXOAOB, I{CrIOnByeMbIX

coucKaTeJIeM npII npoBeAeHIIu pacneToB IIp9BOAIIMOSTI{ vI rrollcKe CCK'
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OcnosHrrNa flBrflercs. MeroA HegpMr{ToBoro sQQerrzBHoro fauIElmonurana,

roropufi yx(e AoJrroe BpeMrr ycnerrrHo npr.rMeHrercfl, [IrA rlpoBeAeHz.f, noAo6Horo

poAa pacqeroB. floerouy, [pr,rHLrMEUr Bo BHrrMaHLre cpaBHeHrle rloflyqeHHbrx

aBTopoM pe3yJIbTaToB C V3BecTHbIMI,I [peAeJIbHbIMu CJIrIa'MLI, MOI{Ho c
yBepeHHocTbro foBopr,rTb o AocToBepHocTu rronrIeHHbIX B pa6ore pe3yJIbTaToB.

Tor Saxr, qro cucreMa, cocrotlquu lI3 AByx o6sextos, kTMeroulvx npur

OIIpeAeneHHbIX MaTepLI€UIbHbIx napaMeTpax HyJIb IIpOBoALIMoCTII, Mo)KeT urpaTb

poJrb pe3oHaropa Qa6pn-flepo, rr3BecreH elrle c 1,994r (Shahbazyan T. V., Raikh

M. E. Two-channel resonant tunneling). C rex nop 6uro rpeAno)KeHo 6oJlbluoe

KoJrr,Frecrso noAo6HbIX clrcreM, HarrpvMep, ABa KBaHToBbIX Aora, coeAI4HeHHbIe

KBaHToBofi uponolorofi onpeAeJreHHofi AJrrIHbI, r4Irr4 cvrcreMa, cocrotlq€u LI3 AByx

upuuecefi B 3JreKTpoHHoM BoJrHoBoAe. B rperrefi rJraBe [peAcraBnennoil

Ar..rcceprarluonHofi pa6oru paccMarpvrBaercfl. elqe oArIH npllMep: gJIeKTpoHHbIe

BonHoBoAbr, rrMeroune ABa cru6a rroA rrp-rrMbrM yrnoM, Ha3BaHHbIe lI- u Z-

o6patnrrvru. CoucrareJrb orMeqaer, qro r.K. BoJrHoBoA c oAHLIM crn6ou LIMeer

HyJrb npoBoAlrMocrlr, ABa TaKrrx BoJrHoBoAa, coeAlrHeHHbrx Me)KAy co6ofi

rBJrrrorcf, pe3oHaroporr,r @a6pu-llepo r{, cJreAoBareJrbHo, TaKas. cucreMa Mox(er

noAAepxuBarb cBs3aHHbre cocro.f,Hlrr B KoHTLIHyyMe. NrA yAoBJlerBopeHut

ycnoBulo Bo3HktKHoBeHr4r cros.refi BoJIHbr Mer(Ay cru6atutu rrpeAnaraercfl., BMecro

u3MeHeHlIt paCCTOtHIrt I MeI{Ay IJI/JN,{kI, MeHtTb BbICOTy IOT9HIILIAJIa

ynpaBnrroulero gneKTpoAa, H€rltoxeHHoro na o6racrb Me)KAy crn6avu, qro B

AaHHoM cn)Alae TpLIBoALIT K ToMy xe KoHeqHoMy pe3yJlbTaTy: B cI4cTeMe

o6pa:yrorcr CCK, npvqeM He roJrbKo 3a cqer MexaHIi3Ma @a6pu-flepo, Ho raKxe

3a cqer nnrep$epeHrlrloHHoro MexaHrd3Ma @prE4puxa-BzHuena. B pa6ore

orMeqaercr uHrepecnrrfi Qar<r: rpoBoAllMocrb

orJrr/Fraercr or rrpoBoAuMocru fl-o6pasnux. fiaerc'
o6pasyrouuecs. s6rlrgu cru6os Blrxpx noroKoB BeAyr ce6s, ro-p€l3HoMy B pa3Hbx

Tr4rr€lx BoJrHoBoAoB: B fl-o6pasnorr,r oHr{ LrMeror oAI4HaKoBoe HarlpaBneH[e

BpauleHurr, a B Z-o6paznorvr - rrporr{BorroJlox(Hoe, rITo B KoHeqHoM LITore

cK€BblBaercr Ha rIpoBoAI{MocTH cLTCTeMbr.

IrlseecrHo, qro B xaorr.rqecKux clrcreMax He cylqecrByer BbIpoxAeHI{t

co6crseHHbrx ypoBuefi eneprr{rl, rrogroMy MexaHusvr o6pa:oBaHlln CCK AonxeH

oTruqaTbcr MexaHu3Ma nomrofi AecTpyKTunnofi I,rHrep$epelnI\nu,

rrpeAno)KeHHoro (Dpu4praxorra H Bunrrenou kr paccMorpeHHoro B 6onrruou

Korr/FrecTne pa6or. B qerneprofi fJraBe BnepBbre rrpoBoALITct [ocneAoBaTeJlbHoe

Z-o6pazustx
cJreAyroqee

BOJIHOBOAOB

OObtCHeHLIe:

u3yrreHue rBJreHlrr CCK B TaKLrx cr4creMax Ha npl{Mepe aHaJlora 6llrlnuaplla



rosQSuql{eHra cBflsu

pacnpocrpaHsroIIILI Mc,I

BbICOTbT nOTeHUI{aJIa.

HeKoroporo co6creeHHoro

B BOJTHOBOAe peIXeHUeM

cocrorHrrr 6vttumapga c

IIpu HeKoTopoM 3HaTIeHLILI

Cu5ras (c xoHe.rubrM rroreHqzalorvr). HarnqAHo AeMoHcrpr4pyercs, o6paronaHlle He

3arrlr{rqeHHbrx rro cLTMMerpLrn CCK 3a cqer orrucaHHoro B nepnofi ruIaBe

<Accidental> MexaHr{3Ma, To ecrb 3a cqer <crf{afiHoro>> o6paIqeHvrfl. B HyJIb

Vcraqonxa 4na$panr,r B pafioue uHtepQefica pe3oHarop-BoJIHoBoA Ao

Hacrotrrlefo BpeMeHLI f,BJI'JIACb EALTHCTBEHHbIM cuoco6ou yIpaBJIeHLIJI

roeSSuqLreHT€lMLr cB.rr3tr B clrcreMe. B noc.ueqHefi rJraBe Arlccepraquonnofr

pa6orn npeAnaraercs npvHurlrrrvuulbno uHofi cnoco6, roropufi 3aKrloqaerct Bo

BparrleHr{u oAHofo v3 HeKoaKCLlaJrbHO IOAKJITOqeHHbIX K IILIJITIHApIIqeCKOMy

aKycTlrrrecKoMy pe3oHaTopy BOJIHoBOAOB Bo4pyf Ocu pe3oHaTopa.

,{ervroHcrpupyercr, qro rpra groM roeQ$nqLTeHTbI cBfl3u rloBepHyroro BoJIHoBoAa

cTaHoBsTcr KoMrrJreKcHbrMr{ u, HecMoTp.rr Ha To, rITo rlo MoAynrc oHI{ ocTarcTc{

Her.r3MeHHbrMrr, npuo6perennrrfi Sasonuft MHox{ureJlb oK€l3blBaer 3HaqLITeJIbHoe

BJrlr.rrHrre Ha rrpoBoALrMocrb clrcreMbl. OrMe.{eHo cylqecrBeHHoe orJILIque

TpexMepHbIX cLrcTeM OT AByMepHbrX, KoTopoe 3aKIIOqaeTcfl B TOM, qTO kIX

npoBoArrMocTb [MeeT pesonancHrrft XapaKTep yxe ToIAa, KoI'Aa paALIyc

pe3oHaropa npeBsrruaer pa4uyc BoJrHoBoAar 2.5 pad, B To BpeMf, KaK AByMepHbIe

cucTeMbr BcerAa HaxoAf,Tc.fl B pe]KLrMe rlepeKpblBalouryIxct pe3oHaHcoB,

He3aBuclrMo or orHorrreHrrr ruvplrH BoJIHoBoAoB vr pe3oHaropa. OAnnrrl vr3

nau6olee rrHTepecHbrx sQQercron, Bo3HI4KarouryIX B 3Tofi cl{creMe,

rrpeAcraBJr.rrerc.fl sSQenr pacqennelr.r4fl. BbIpo)KAeHHbIX rro €BuMyr€uIbHoMy

KBaHroBoMy qucrry co6crseHHsrx ypoBHeM pe3oHaropa rIoA BJITIIHI{eM

3BaHecIIeHTHbIX MoA, reu 6olee, qro oH paccMorpeH anaaJrnru'uecKl{.

llo upe4cTaBJreHHofi pa6ore MoxCHo cAenaTb HecKoJIbKo gaN4e'IaHufi:

1 . I,{cnolb3oBaHLre repMlrHoJrorrrrr (c{HTerpldpyerraufi>> LI (HerlHTerpnpyeuub>

B Ha3BaHLrr{ AI{CCepTaIIUU MHe IIpeACTaBJIteTC.[ He OrIeHb yAarIHbIM.

2. K HeAoqeraM crorlT orHecrr4 TaKXe rot Qarr, qro n pa6ore He yK€BaHbI

AorryuleHl{-r, roroprrfi 6ruu cAenaHbl rlpu rpoBeAeHI{I4

rlacrHocrvr, :s{:/IIAI He orpaxeH Tor Saxr, rITo KBaHToBbIe

rperrefi 14 uerneprofi rJIaBax paccMarpl4Balorc-t{

oAHo3JIeKTpoHHoro upn6nuxeHllt.

3. ,{ucrperuue ypoBHI4 B KoHrLIHyyMe rIyBcrBI4TeJIbHbI

BO3MyIrIeHI4flM, TIOSTOMy OHLI lIMerO WIpI{HbI Lr AOJDKHbI

Xorerocr 6rr uuem oIIeHKy BpeMeH xtI43HI4 grllx cocrosHIafi.
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4. He BcerAa Bo3MoxtHo co 100o/o ynepeuHocTba roBoprlrb o roM, raroft zs

orLrcaHHbrx n nepnofi rJraBe MexaHLr3MoB nppIBoALIT K @opnaupoBaHlllo CCK.

B rperrefi ruase aBrop yrBepxAaer, rlro CCK rIoA HoMepaMI4 5,6 u7,
rrpeAcraBJreHHble Ha puc. 3.10 n CCK J\bl, 2 u 3, uzo6paxeHHble Ha pvc.

3.13, o6paeyrorcfl, 3a cqer uHrepSepeHql{oHHoro MexaHLI3Ma. O4Haxo,

HeJrb3r He orMerrlTb, qro CCK J\b6, cy,qr no ero MoA€uIbHoMy pa3noxeHuro,

npeAcraBneHHoMy Ha pvc. 3.12, Ha[oMLIHaer paccMorpeHHble B qerBeproft

rJraBe CCK, o6pa:onaHHble 3a cqer <Accidental>> uexaru{3Ma.

OAnaro BbrcKa3aHHbre 3aMeqanvrs. He tBJl-f,rorcf, rIpIrtHIIulu€trIbHbIMrI kT He

BJrr4rror na o6rqyro BbrcoKyro orIeHKy pa6oru. Bce uonyreHHble pe3yJlbrarbl

ony6rurroBaHbr B npecrrDKHbrx HayrrHbrx )KypHaJIax, BXoAsIqI{x B neperleHb BAK.

,{ocronepHocrb rronfreHHbrx pe3yJrbraroB o6ecne.rzBaerct I4cnoJIb3oBaHLIeM

coBpeMeHHbrx TeopeTuqecKax MeToAoB, xopouo 3apeKoMeHAoBaBIuux ce6s. B

4annofi o6lacru uccneAoBalrruit, a raKxte cpaBHeHr/teM rloJlfreHHbrx MeroAaMI4

rrr4creHHoro aHaJrrr3a p$yJrbraroB c p*yJrbr arauu aHaJrr4Tr4qecKl[x srrqrrcneHufi .

AeropeQepar npaBrlrrbHo r4 rroJrHo orpa)Kaer coAep)KaHI,Ie Al{cceprarlukr.

[auuax Ar4cceprallltoHHail pa6ora flBIrflercfl, saroH.reHHofi Haf{Ho-

LrccJreAoBareJrbcKofi pa6orofi, uocnrrqeHHofi t4ccJreAoBaHl{ro frBlrenvrs, cBt3aHHbIX

cocrosHufi KoHTLrHyyMe. Cuutato, qro oHa yAoBJrerBopter BceM

rrpeAb.rrBnseMbrM K KaHALrAarcKkrM AkTcceprarlzrrra rpe6oBaH[rlM BAK, a ee aBTop,

Ilnnzu.ryr Apreu Cepreenuq, 3acryxvrBaer npl{cyx(Aenvrfl. eMy freHoft ctenenu

KaHAuAara Susnro-MareMarLrqecKax HayK no creqnaJrbHocrll 0I.04.07 - Szsura
KOHAeHCLTpOBaHHO|O COCTO{HLI'.
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