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He craqra oH apH aq KI4H eTI,IKa H aq aIbHO i't cr a[uu BbIc OKo Bo JI bTHoro 11pO 6 Ot

f a3opa3pf, AHbIX rlpoMexyrKoB

cueuualrs oqs: 05.27.02 - naryy l/.Hafl n IIJIUBMeHHTUI sneKTpoHI4Ka

ArcryalnHocTb TeMbr uccJreAoBaHHq. [ucceptauus cevreHlox Haralrra crenanosusr

rrocBfluleHa TeopeTl4qecKoMy I'ICCJIeAoBaHI4IO KJIIOI{eBbIX MexaHu3MOB I4 IIIiICIeHHOMy

MoAennpoBaHlrro feHepallrrr4 3aprxeHHblx qacTI,Iq c aKIIeHTOrvr na y6erarcilIl4e 3JIeKTpoHbI Ha

paHHux cTaAusx HecTarIproHapHOIO 3neKTpI'IqecKOrO pa3pqAa B la3e' ArryalHrocTb 3aAaql4

onpeAen'eTc' cJIoxHocTbIo SKcIIepI,IMeHTaJIbHoIo pI3yIIeHI{' 3TI4x llpoqeccoB lt:-sa N{anofi

AJTUTSJIbHO c'tvl r4KpyTbIX $pOHrOn I4MIIynbCa u HSAOCTaTOqH6CT6IO I4X TeOpeTI4r{eCKOrO AHaIw13a'

Y6eratoque sneKTpoHbl IlrpaloT BaxHyIo pgnb n QoprvlapoBaHpll'I pa3psAa' BIrvfllaprv Ha

3neKTpI4qecKyIO [poqHocTb BbICOKOBOJIbTHbIX y3JIOB, a TaKXe npfl IeHepaIII4I4 peHTreHoBcKoIo

u3nyqeHl4q.

Oqenrca crpyKTypbl I{ coAepxauun pa6orst'

[uccepraurrfl r.rMeer crpyKrypy, coorBeTcrBylouylo peKoMeHAaIIUqN'I BAK' Ona cocrour

r43 BBeAeHI4fl, qeTblpex rJIaB, 3aKJIIorIeHLLg I4 cnl4cKa nl4repaTypH' Pa6ora coAepxuT 139 crpauuq

reKcra, 88 pracyuxon, 6u6luorpa$uuecrraft cnucor rc 143 HaraNlenosaHufi'

Bo nneaennn o6ocuoBbrBaercq aKTyanbHocrr pa6orsr, tpopvrynupyrorcq uenlI 14 3araqvr

r,rCCJreAoBaH vIA, a TaKxe HayrlHat HOBI'I3Ha II npaKTI'IqeCKafl BaXHOCTb pa6oru' fIppreOAI'IrCq

KpaTKOe coAep)KaHr4e fJraB AI4CcepTaIIuu. ctfopuynupoBaHbl ocHoBHbIe nolox'eunr'

BbIHOCI,IMbIe Ha 3arul4Ty.

B nepnofi rJraBe rrpr4BeAeH O6SOp 3KcnepI4MeHTtuIbHbX, TeOperI4qecKI'IX u pacqeTHblx

pa6orIIo3neKTpLIqecKoMyupo6orofa3opa3pqAHblxnpoMeXyTKoBcBbIcoKLIM

rrepeHanpflrrteHl4eM IIpI4 BIICOKOM V HII3KOM AaBJIeHI4I4 fa3a c [OqBIeHI4eM y6eratOrqux

3neKTpoHoB. Ha AI4HaMI'IKy pa3pqAa'

Bropan, TpeTbfl n qeTBepTaq fJIaBbI coAepxaT oIILICaHUs HecKoJIbKI{X ru6pu4ustx

rrloAeref, coqeTaronlrax 4pefitpono-autfoy:I4oHHylo fI{ApoAI'IHaMI',IqecKy}o MOAeJIb Ha ocHoBe

Teop[r4 Tayn4Cena, BKJrroqarouylo ypaBHeHI4e coxpaHeHI'IS IIJIOTHOCTII TOKa C yr{eToM sHeuHefi

qerrr{, u KI4HeTI4rIecKyIo MoAeJIb [JIa3MbI la3oBofo pa3ps'^a Ha ocHoBe oAHOMepHofo

CTOJIKHOBI,ITeJIbHOIO KI'IHSTI4qeCKOIO ypaBHeHuq EOIsIIMaHa' I[pUne4enu qIIcJIeHHbIe peuIeHLIq

Anfl pa3Hbrx reouerpufi pa3pqAHoIO [poMexyTKa, copToB ra3avI AaeIeHIafr I4I4x aHanI'I3'

Bo nropofi rJraBe paccMoTpena rra6pu4Haq MoAeIb, r.Ae nJIa3Ma onllcblBaeTcq lpefitboeo-

autfoy:uousofi ruoAelbro, a ycKopeHHble 3neKTpOHbI - KI4HeTLIqecrofi' flolyveuu pelxeHfit Anq



TIJIOCKO|O [pOMeXyTKa rrpr4 Hr,r3KOM AaBJIeHtrlI tBOTa, Anr KOaKCpTZInbHOTO I.IdO]J\a C a3OTOM nprr

arMoc(bepHoM AaBJIeHr,ru r.r KoaKcaaJrbHofo p:ao4a c aJrera3oM SFo npu aruoclpepnoM AaBJreHrrr.r.

Bo scex cnyqaqx na6moAarorcr y6eraloulre gneKTpoHbr, npoBeAeH aHanr43 vtx AvrHaMlaKp4

uMeercq cofJlacr4e c gKcrrepuMeHToM. Auaroruqurru o6pa:oM [poBeAeHo MoAenupoBaHr.re

peilnbHoro ra3oBoro rpexgneKTpoAHoro ruora c a3oroM arlrocQepnoro AaBJreHprfl vr aHarru3

pe3ynbraroB.

Cne.qyroruaq ru6puauax MoAeJrb rrpr{BeAeHa n rperrefi rJraBe. B nefi aneKTpoHbr 14 rrJra3Mbr

rI rlfrKa onrlcaHbl Kl4Herlrqecroft uo4erbro, a oneKTpr,rqecKoe rroJre HaxoAr{Tcr r43 ypaBHeHrdt

coxpaHeHl,It rIoJIHoro rora. flpoeeAeH pacqer KnHerr,rKr,r gneKTpoHoB B KoaKcuaJrbHoM ALroAe c

a3oroM B pzBpsAe rIpLI arMocSepnorvr AaBJreHr{[. ZccreAonarocb BJrLrrHLre Kpyrn3Hsl Qponra

LlMnynbca Ha[IpsxeHzt, AaBJIeHI4S ra3a pr pal'uyca Kpr{Br.r3Hbr KaToAa Ha xapaKTepr4crtrKtr

y6eratoulux gJIeKTpoHoB, npoBeAeHo cpaBHeHr4e c gKcnepr4MeHToM. .{onolulrreJrbHo

I4ccneAoBancs. parvurbHufi npo6ofi xoarcczamnofi runnrr B rroJre BbrcoKoBoJrbrHoro HMnynbca

6eryruefi BoJIHII. Pa:pr4 LIHI.Iurrr4poBiIncr aBTogneKTpousofi grunccuefi c KaroAa.

ZccreAosarocr BJII4IHLTe suucczossofi cnoco6nocrz Karola Ha pa3pql v y6erarorque

3neKTpoHbI. Paccuarpl4Banocl TaKXe BrvflHvre coKpaueHlifl, rnvrerbHocrr4 r4Mrrynbca Ha

npoqHocrb KoaKcI4aJIbHofo 3a3opa. OrAemno r4ccJreAoBanocb BrrprflHLre y[pyrr{x croffinoseunfi

3neKrpoHoB c aroMaMu ua QopvrprpoBaHr.re pa3ps.Aan y6erarorque oJreKTpoHbr.

B verneprofi rrase orucaHo HecKoJrbKo uo4eleft, ToM rrr4cJre rroJrHocrbro Kr{Herr4qecKat

MOAeJIb IIJI€I3MbI, BKIrOqaIOqat IIOHbI IIJIZBMbI, Ant yrleTa I,IX ABI,I)KeHIdI. VI BIIkIflHUfl, Ha AI{HaMLIKy

pa3psAa B a3ore HLI3Kofo AaBJIeHr4r. I-[ens rrccneAoBaHr.re MexaHLr3MoB ycKopeHr4t

lonoxllTeJlbHrrx LIoHoB K aub4y c na6opol.r rrlnerr,r.recrofi gHeprrllt, npeeuruarorqefi

Hanpf,xeHl,Ie Ha AI4oAe, na6ruo4aeMoro B gKcnepuMeHTax c 4yronofi rrJrzrMe. Cpannunarorcr

cnyqapl HenoABLIXHbIX rloHon, gpefiSoBofo ABr,rxeHrrr I{oHoB r,r rroJrHoro yr{era uoHoB B

KIaHerIrqecKoM ypaBHeHLII4. PearzsosaHo MoAenr{poBaH14e MexaHr43Ma ycKopeHVq r4oHoB

<rop6ou> SneKTpl4qecKofo noreHrlr4aJra, rpoBeAeH efo AerilJmurrfi aHanr43.

B :arclroqeHlrlr KparKo c$oprraynupoBaHbr rronyqeHHbre pe3ynbraru. Oco6o cneAyer

orMerLITb rrllarelrnrrfi anropcrufi aHanr,r3 Bcex Aeralefi na6lro4aeruHx npoqeccoB c

QusuuecrrlMz KoMMeHTapuflMr4 no noBeAeHr,rrc qacrlrr-1 rroroKoB, norefi u rroreHrrt4aJroB.

Coornercrnrae coAepxaHus Arrcceprarr[rr gaqnreHHofi c[eqnaJrbHocrrr ]r reMe

Ar{ccepTarluI{

Co4epxanlle Allccepralluu nonHocrbro coorBercrByer 3aqBnesnofi cueur4aurbHocrr4 r.r reMe

Al4ccepraulzl,I no [ocraBJIeHHbrM 3a.uaqaM r,r MeroAaM r4x pe[reHr4r. Mero4auu qucJreHHofo

MoAenl4poBaHvq paccMorpeH eaxHrrfi pa3Aen naxyyrraHofi rr rrJra3MeHuofi elerrpoHr4Kn. Teua

y6eralorqrax SneKTpoHoB, Bo3HuKalorrIHX Ha HaqaJrbHbrx craAr,rrx BbrcoKoBoJrbrHoro npo6or,



flBrflercs. orAenbHbrM pa3AenoM n QusuuecKr4x )r(ypHanaxvrHa ron$epenquqx. B Aucceprarluu

perxeHbr HeKoropbre ocHoBHbre Borrpocbr grofi relru.

CoornercrBrre aBTopeQepara Arrcceprarluu eE coAep)r(anr{ro

Co4epNanue anrope$epara .{ocraroqHo rroJrHo coorBercrByer Ar4ccepra\uv.

JIuqHufi BKJTaA concKareJrq B floflyrreHrru pe3yJrbraroB nccreAoBaHuq

B [onyqeHLII4 pe3ynbraroB Alrccepra\hvt maquufi BKnaA cor.rcKarenr flBmercq

orlpeAentrcrql,rM. flocranoerca HayqHbrx 3araq, o6cyx4enue u aHanr43 pe3ynbraroB

rIpoBoALInpIcb coBMecrHo c HafrHbrM pyKoBoArrreJreM, upoSeccopolr a.(f .-rr,r.H.

A.B. KogrrpeBblM. 9Iacrenssre anropr4TMrr orpa6arbrBilJrracb r{ KoppeKTrzpoBanlrcb c yqacrr4eM

A.Q.-rra.n. B. IO. KoNeeHLIrona. AnropoM Jrr.rr{Ho cSoprvruponaHbr rr orJraxeHbr Brrqr4cJrr4TeJrbHbre

KoAbI, BbIIIoJIHeHbT Bce pacqeru, o6pa6oraHbr Lr npoaHulnr.r3lrpoBaHbr t4x pe3ynbrarbl, roroBr4Jrct

Marepl4an Anq HayqHux ny6rura:quit, rr4r{Ho HarrprcaH TeKcr Aracceprarlr.ru u c$opMynrrpoBaHbr

BbrBoAbr.

Creneuu AocroBepHocrn pe3yJrbraroB r.rccfleAoBaHnq

locronepuocrr pe3ynbraros o6ecuer{r4Baercs 14cnoJrb3oBaHr4eM anpo6uponaHHr,rx

qI4cJIeHHbIX anropllTMoB perxeHlrq MareMarrlqecKr,rx ypanueuufi; cornacr4eM pe3ynbraroB

MOAenI{pOBAHVII., rIOJIyqeHHbrX piBHbrMrr MeTOAaMT{; cpaBHeHr.reM aBTopcKr{x pe3ynbTaToB c

nonyqeHHbIMLI ApyfI.rMLI aBTOpaMV; COrnaCUeM pe3ynbTaroB pacqeToB c 3Kcnepr4MeHTilJrbHbrMr4

AaHHIIMI{ Ir cornacoBaHHocrbro reoperr,IqecKlrx reHAeHqrafi c gKc[epHMeHTaMr4 rrpr{ pr3MeHerrulr

yclonufi 3a aslz,.

Pe:ylrrarrr pa6orsr AoKJlaAbrBanr.rcb 14 o6cyx4alzcr Ha 14 MelKAyHapoAHbrx

ron$epenqzrx, ony6ruronaurr s 26 ileqarHbrx pa6orax, Lr3 Htrx 23 B rlHAeKcr4pyeMbrx

u3p.aHrflx, B ToM rrr.rcJre s 7 crarrsx B xypHulnax neperrHs BAK.

Teope'ruuecKaq rl npaKT[qecKaq 3HaquMocrb rtoryqeuHbrx aBTopoM Arrccepraqn[

pe3yJrr,TaToB

Pa6ora l4Meer pezubHoe [paKTlrqecKoe 3HarreHrre, [o3Borsq reraJrbHo r,rccJreAoBarb

cTpyKTypy LI ALIHaMLIKy pa3pflAoB HI,I3KOfO r4 rroBbrrrreHHoro AaBneHr4.fl B rrrr4poKoM Ar,rana3oHe

napaMerpoB rI yclonufi. ZccreAoeaHo tBJreHr,re reHepaUur4 y6eraroqux gJreKTpoHoB,

cyuecTBeHHo BJII4'IOIIII{X Ha pa3BLtTr,re piBpsAoB B fzt3e, u paccMoTpeHbr nyTV ynpaBJreHr.u r4x

napaMerpaMIa. flpone4eHHble pacr{erbl Aaror reoperr,rqecru o6ocnoBaHHbre orBerbr Ha MHofrre

BoIIpocbI, Bo3HVKaIoqpIe B TexHv.{ecrofi I4 SKcnepl{Menralrnofi [paKTLrKe AaHHbrx pa3prrAoB.

Konrcperntte peKoMeHAaqIr[ ,rro ucrloJrb3oBaH[ru pe3yJrbraroB *r BbrBoAoB

ArrccepTauH||

Parpa6oraHHble qucJIeHHbIe MoAenr4 Moryr 6rrrr npuveHeHbr npu pa:pa6orKe r.r pacqere

rlapaMerpoB ra3opa3psAHblx cl4creM naxyytrluofi I4 nJra3MeHuofi elerrpoHr4Kr{. flolyveHuue

pe3ynbrarbr, rax SusuqecKar rpaKToBKa 14 BbrBoAbr neo6xo4uuo ytlr,rrbrBaTb rrprd aHaJrI43e



pa6orbl loAo6HbIX cl4creM. 3rr.r pe3ynbrarbr Mofyr 6rrrr raKxe vcrroJrb3oBaHbr ilpn

rIpoeKTI,IpoBaHVfir I4CTOqHLIKOB KOpOTKT4X LtMrrynbcoB peHTfeHoBcKofo u3nyqreH:/lfl C

zcrronb3oBaHrreM y6eraronlux 3neKTpoHoB.

Hoeu:Ha [oJyrreHubrx pe3yJrbraroB

Hayuuue pe3ynbrarbl, nepeqllcJleHHbre B coorBercrByroureM pztsAene Azcceprarlua,

,f,BIqIOTC' HOBbIMI,I.

CQopuylupoBaHbl vI peanll3oBaHbr ru6pu4uue rrucJreHHbre MoAeJru, t4crronb3yrouue

oAHoMepHoe KLIHerLIqecKoe ypaBHeHue Bolrunaana c npanofi qacrbro r{ ypaBHeHus rorHoro

TOKa Ant 3neKTpLIqeCKOrO IIOIq B CVCTeMe, BKJIIOqa.f, IIJIII3My, IIO3BOJII4BIITIe npOMOAenI,rpOBaTb

HecraIILIoHapHyIo KLIHeT[Ky KoMrroHeHT rIJra3MbI, B ToM qr4cJle y6erarorqux gneKTpoHoB, B

fa3oBoM pa3psae n uruporofi o6lacru napaMerpoB.

flpone4euo r{HcneHHoe MoAenr4poBaHrre parr4rurbHofo npo6or ra3oHarronHeHHofo

KoaKcl4ilJlbHoro npoMe)I(yrKa B Irone 6eryurefi BoJrHbr 4lrauHofi rrvtHr4vr c yqeroM 4lrcxperuoft

aBToSneKTpoHnofi 3MLIccuLt c KaroAa pI proHrr3aqr,u4 ra3a rrJril3MeHHbrMr,r u y6erarourauu

SneKTpoHilMra. Pe:ylrrarbr xopolllo cornacyrcTc.s c 3Kcnepr.rMeHTanbHbrM Lr.

Peuena oAHoMepHUI 3alaqa HecrarlproHapnofi KlrHerr.rKr4 3JreKTpoHoB r4 r4oHoB B

na'{anrHofi cra[Lrr4pa3pfllla HI43Koro raBroeufl, rrpocnexeH MexaHH3M SoprvruponaHr4.f, 11oHHoro

IIOTOKa Ha aHOA, B TOM qUCJIe C aHOManbHO BbICOKI4MI4 KI4HerI,IqeCKLIMt{ 3HepnItMI4 I4OHOB.

3anreqasus [o A[cceprarlrroHHofr paOore

floctasreHHrre qenu Aocrl4fHyrbr nonHocrbro. CQoprraynupoBaHbr HoBbre

BbIqvcJILITeJIbHbIe MOAeJII4, nonyr{eHbr HoBbre r4HTepecHbre pe3ynbrarbr, rrpoBeAeH r.IX AeraJburtfi

alJurn3, cAeJraH CyrqecrBeHnrrfi nxla4 B nonrreHl4r,r HoBbrx slHauuit.

B ocHosHou, pa6ota HarrvcaHa [oHqrHbrM 14 rcHbrM r3brKoM. Z: saNae.raHuit, y nepByro

OqepeAb, OTMeqy 3aMeTHOe KOJII'Iq€CTBO fpaMMaTI,IqeCKI,IX u CI,IHTaKCuqeCKI{X ouru6Ox vl

orer{aroK, Koropbre, KaK [paBr4no, He rrperrf,TcrByror rroHr4MaHr4rO pa6oru.

LIs 4pyrux gaueqaHufi cneAyer orMerlrrb cneAyrouve.

l.

2.

J.

conna4enue o6osuaqeu[fi craNrsororu R pa3Hbx BeJrLrqvH, crp.43 u 46.

YrcasaH rlBer nlrHr4u "ckrHvre" Anq qepHo-6eloro pucyuKa 2.4 na up.49.
He comacylorct KoMMeHTapvpr ua crp.61 K pr4cyHKy 2.17 c noArrlrcrMrr K HeMy. I4s Lrux

cneAyer, uro y6eraroul4e sJIeKrpoHbI yxoAsr qepe3 KaroAHyro $onrry. Vfim pucyyoK He

TOT, r,rJrLr [eperryTaHbr KaToA r{ aHoA.

YrasaHa "Haqa*,Har KoHrleHTpar\vfl 3apfl)KeHHbrx qacruu ... 1g-3 at-3rr illg o6sewa

pacveruofi o6lacru s -0.6 crra3 e€ rBHo Mano. Oneqarra?

Ha crp. 113, nropofi a6:aq: "... oH HaKarrJlr,rBaercg..." -KTo "oH', -HenoH.srHo.
Ha crp.l 13 ouucuBalorct JloKanbHbre rrvKr4 rroreH rryrara, Koropbrx Ha puc.4.4 uer.

4.

5.

6.



7 ' B uolnofi Kl4Herl'Iqecxofi uo4erl{, BKJrroqarouleft u Bce gneKTpoHbr rrJrit3Mbr, [pr,{MeHeHue

"xecrKoro" ynpyroro pacceflHvfl 3neKTpoHoB rro npr,IHrlr4rry "Brepe4-Ha3a(,,,

BbIHyxIeHHoro Anq o,AHoMepHofi lto4elz, Kaxerct coMHr4TeJrbHbrM Anq y6eraroqzx
3neKTpOHOB, B MOAenI4 BO3BpaIqarctUVXCt Ha3aA I{ B pe3ynbTaTe BHoCqUIuX BKnan B
npocrpaHcrgennrrfi 3apflA TtlM, KyAa oHI4 He AoJrxHbI rroilararb. Cre4yer orMerrrrb, qro

aBTOp rloHplMaer 3TOT HeAOCTaToK MoAeJrv, B KOHTIe pa3Aena 4.3 paccMarpr4Ba,

ueo 6xo4utr,rocrb ero KoppeKTr{poBKt4 rrppr p a3BVTLrLr Mo.{env.

Cuntato' tITo gTLt HeAocrarKv He cHr4xaror rleHHocrrd npeAcraBneusoil pa6oru.

fluccepraqut yroBnerBopter rpe6oraHusnr BAK, a ee aBTop, Ceuenror Hararss CreraHonna,

AocroftHa IlpvcBoeHl4r yveHofi creneHra KaHAr4Aara Suszno-uareMarrzqecKr4x HayK.

OrsHe cocraBuJr

crapurzft uayvHslfi corpynHl4K @e4epanrHoro rocyAapcrBeHHofo 6rc4xernoro yqpexreHr4q

HayKI{ I4Hcrzryra r4epHofi Qu:zrz uvr. f.LI.ByAKepa Cu6npcxoro orAeJreHr{ fl aKa(eMvwr,HayK.

KaHAI,IAaT TeXHI{r{ecKI4X HaVK. B.T. AcrpenuH

Yqenrrft ceKperapb @e4epaluroro rocyrapcrBeHHofo 6ro4Nernoro yqpelr(AeHr4r HayKr.r

Vlnnuryra slepHofi Susvxll uvr. f.I,I.EyAKepa Cu6upcroro orAeneHr{r poccprfrcxoft axaaeuriu
HayK,

4 ry".B.pesHn.{eHro
KaHAr,rAar $rasuxo-naareMarr.rqecKr4x
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