
OT3bIB

o$zqua-nbHoro olrroHeHTa Maproea Orera I&salr'osLrqa Ha Allcceprallurc

AevruAosa EereHlrx Bna4nrulrpoBlrqa "3rerupoHHble flBlrenvtfl flepeHoca B

ycnoBlrrx KBaHToBoro Lr KJraccr{rrecKoro p€BMepHbIx s$SexroB B TOHKIIX

rIJIeHKax BucMyra", [pe.{craBneHnylo Ha coucKaHue yuenofr crerleH?I

.qoKTopa Susnro-naareMarr{qecKlrx HayK rlo crrequ€ulbHocrll 1.3.8 Ougura

KoHAeHcI4poBaHHoro cocrol{Hux ($usnKo-MareMarurrecKne Hayru)

,{uccepralllloHHa.l pa6ora ,{evru4ona EsreHI,Ix Bla4uullpoBuqa rrocB{uleHa

yCTaHOBneHLIA OCHOBHbIX 3aKOHOMepHOCTeI4 BTIKIflH-VTS. KBAHTOBO|O

KJraccuqecKoro p€BMepHbrx eSQerron Ha 3reKTpuqecKue lapaMerpbl ToHKTIX

rrJreHoK BrlcMyra. AxryalrHocrb AtrcceprarlploHnofi pa6orrr o6ocnoBblBaercq reM,

qro KBaHrosufi rr KJraccv.{ecKraft pa3MepHbre eS0errn -f,nrlfforct 6asosrrl\all s

[oHr4MaHr{Lr Kr{HeruqecKlrx ceoficrs roHKLrx rIJIeHoK. Ynuralrnrtfi eler:rpoHnsrfr

gHeprerr4qecrufi crreKTp BrrcMyra, uprrBoArrrtrufi x uarofi ronqes rp ar\vrv Hocprrenefi

sapfrpLa a 6olrurofi Alune BoJrHbr 4e Epofinf,, .{eJraer Bo3MoxHrriu Ha6lloAeHue

KBaHToBbrx eSSercros. VcoseprueHcrBoBaHue cuoco6a rronyqeHu{ KatIecrBeHHbIX

MOHOKpIICT€IrrJrUqeCKIIX IJIeHOK BI{CMyTa BbIBeJIO LICCJIeAOBaHI4A KI4HeTLIqeCKpIX

snrtenufi B [JreHKax BrlcMyra na HosHfi KaqecrBennrrfi ypoBeHb, rlo3BoJlt]oqllfi

yqecTb BJrr4rHlre rroBepxHocTll, fpaHuII KpucTtuInLIToB vI MexaHLIr{ecKHX

4eSopvraquitrtarroABlrxHocrb Lr u3MeHeHue KoHIIeHTpaquu Hocl{TeJrefi sapx4a. Bce

ero Aenaer ALrccepraIILIoHHyro pa6ory BecbMa arryalurofi.

O6ruaq xapaKTeprrcrnKa pa6oru.

,{zccepraqur cocrorlT tI3 BBeAeHI{t, Jll{TeparypHoro o6:opa,

3KcrreprrMenrzurrHofi .vLacrur, cocrosu{efi vr3 5 rJIaB, 3aKrK)qeHLIfl u crllacKa

LlcnoJlb3yeIuofi nureparypbl. 96qufi o6reu Aucceprarluv ' 26I crpaHLIIIa,

coAep)Kt{r 123 plrcyHKa, 6 ra6nuq vr 6u6nnorpa$uro, BKJrroqarouryrc 320

HarrMeHoBartuit.

Pe:ylrrarrr ony6nraroBaHbl B 68 pa6orax, kI3 HLIX 33 ny6nuxaquu B

LT3AaHuflx, peKoMeHAoBaHHbrx BAK u npupaBHeHHbrx K HLIM, 1 rvroHorpaSux, 4

rrareHTa P@ n [peAcraBireHbr na 6onee .reM 20 Me)KAyHapoAHbIX tt pocculttcKllx

rcouQepenqu{x.



o00cHoBaHbr

IIpaKTuarecKat

IIOnOX(eHnrr.

Bo nneqeHrlu c$opuynl4poBaHbr aKTy€rrrbHocrb, rlenu vr 3aqaqv pa6orrr,

MeroAbr r{ccneAoBaHvrs, cQoprvrynupoBaHbr :r'ay-ulaafl HoBr{3Ha vr

3HaquMOCTb paOOTbI, [peACTaBJIeHbI BbIHOcLIMbIe Ha 3aII{I{Ty

flpune4enrr cnlrcoK xon$epenqufi kr ceMuHapoB, Ha Koropbrx

aupo6npoBaHo coAepx(aHl4e pa6orhr, cnucoK uy6nurcaqzfi aBTopa, B Koropbrx

H3JTOIKeHO OCHOBHOe COAepX(aHr4e Ar4CCepTar\UV.

Ilepnan ruraBa coAepx{r4T o6eop nr.rreparypbr, [ocBxlqenHufi o[ucaHr4ro

KpLICTaJInU.{eCrOft CTpyKTypbr, Xnnau.recrofi cBfl3v\ sHepferHqecKoro crreKTpa

HocI4TeJIefi zaptga KpLIcraJrnoB BLrcMyra, Teopvlr KJraccr{qecKoro tr KBaHToBoro

p€BMepHoro eQ$erra. OrpaNeHo coBpeMeHHoe cocrorHlre HccneAosatrtrirxereHrafi

nepeHoca B TOHKTIX TIJIeHKaX rrOJryMeTaJrJrOB, [OnyqeHHbrx paHee Apyfr{Mr4
aBTopaMlI. Ha ocHoBaHplu anaJru3a AaHHbrx Hayvnofi nrrreparypbr
c S oprr,ryn up oBaHbI IIeJI I4 H 3a Aaqv Ar4 c c eprarlu o HH o ro Lr c c Jr eAo B alaLrfl .

Bo nropofi r.nane upeAcraBJreHbr KparK€ur reopur upoqeccoB pocra ronxofi
nJreHKlI kI otTl|rcal{ne pa3nwIHbIX MeTo.{oB rloJlyqeHu.fl ToHKtlx ITJIeHOK BLrCMyra.

Orpaxeubl nperlMylrlecrBa H HeAocrarKr{ AaHHbrx MeroAoB. B uane [peAcraBJreHo

onr,rcaHne He roJIbKo paHee u3BecrHbrx LrcrroJrb3yeMbrx n pa6ore MeroAoB KoHTpon-s

crpyKTypbl ToHKI4x rrJreHoK (arorraHo-cvtroBafl u sneKTpoHHar Mr4KpocKorrr{f,,

peHTreHocrpyKTypnrrfi aHarns), Ho lr HoBbre, pa:pa6oraHlrbre B paMKax .qanHofi
pa6orrr, cnoco6rr IBMepeHlIrr pa3MepoB Kpr4cr€rnnnToB, orrpeAene*krflyrxegar,rNaHofi

Kpl4cr€rnnorpa$zvecxofi oplleHTarlvrv\ a raKx(e roJrrquHbr roHKLrx rrJreHoK.

B rperrefi rJraBe rIpHBeAeHbr pe3ynbrarbr HccneAoBartprfl

r€rllbBaHoMarHnrHbrx n repMogneKTpuqecKlrx ceoficrs 6noqnux kr

MoHoKpI{cr€LITJILIqecKLIX ITJIeHoK pitsrktrrHoft romqnnbr qlrcroro BHcMyra, BvreMyra,

nefnpoBaHHofo TennypoM Lr rrJreHoK TBepAofo pacTBopa BlrcMyT-cypbMa.

B .rerneprofi rJraBe npoBoAllTcr anaJrkr3 nslreHeHlrfi rroABLDKHocrrr 14

KoHIIeHTparluu nocurerefi 3apfl.Aa, paccqlrraHHbrx Ha ocHoBe yAenbHoro

cotrpoTr4BrrelJus) MafHeTocolpoTr4BJrelIvrf,) rcosSSzqr4eHra Xonra vr

ar.r$SepeHrlu€rirbHofi reprraos4c.

flflraq rJraBa IrocBflIrleHa anastusy gKcrreplrMeHT€urbubrx pe3yJrbraroB rro

?IccneAoBaHuro KBaHToBoro p€BMepHoro eSQerra B ToHKLrx nJreHKax BrrcMyra, a

TaKXe vro4u$uralllrflM 3neprerlrrrecKoro crreKTpa HocnTeJrefi zapnga B ToHKHX

rrJreHKax BkTcMyTa.

B 3aKJrIoqeHrIIr [puBoArrcs ocHoBHbre pe3ynbrarbr Lr BbrBoAhr rro

lpoBeAeHHoMy trccneAoBaHkrro.

OcnonHrre HayrrH bre pe3yJrbrarbr, rtoryqeHnbre aBTopoM.



Hau6onee Ba)KHIIMLI pe3yJrbraraMLr pa6our, lrMerorrIHMH HecoMHeHHyro

HayqHylo IIeHHOCTb, CJIe,4yeT rrpr43HaTb rrpeAcTaBJreHHbre SKcrrepuMeHT€rrrbHbre

AoKa3areJrbcrBa Bhlf, cHeHHhrx ilpvqnH cneAyrorqzx Saxroa :

-pa3nuqnoro rrepuoAa ocqurrsrlHfi gneKTpl/FrecKrrx rr r€urbBaHoMarHuTHbrx

ceoficrs roHKI4x [neHoK Br4cMyra, Ha6moAaeMoro pa3nlrqHhrMu aBTopaMkr rrpur

nccneAoBaHlrflx KBaHToBoro pa3MepHoro eQ$exra;

-pa:6poca MaKcr{Manrnofi ToJrrrIHHbr rrJreHoK BI4cMyra, nonyr{euHbrx B

paooTax pa3nI{rIHbIX aBTopoB, AJrf, KoTopbrx eule HaonroAaroTcs ocqunnrqproHHbre

3aBI4cLIMocrI{ 3neKTplrqecKr4x I{ r€IJrbBaHoMarHLrrHux rcoeSSHrIIaeHToB;

-oTcyTcTBrIe yMeHbrrreHurr KoHrIeHTparlvrr4 HocuTeJreu 3apflI,a npz
yMeHbIueHlIu TOnIqEHbI TOHKLIx IIJIeHKaX BLIcMyTa, [peAcK€BaHHoro reOpnefi

KBaHToBoro pa3MepHoro eS$ercra repexoAa rronyMer€rnn-nonynpoBoAHlrK.

BaxHuIra, Arrfl Szsnrn noBepxHocrr{ rroJryMera[JroB, f,BJrrercf, Lr

o6uapyxeHHoe Bo3pacraHne KoHrleHTpa\uvr Hocurelefi 3apfl.Aa AJrfl TonrqzH

TIJIeHoK BI,IcMyra MeHbIrIe 25 lawt c [per,rMyrrlecrBeHHbrM pocroM KoHrleHTpardr.rr4

AbIpoK B OTHOrrreHr'{I{ gneKTpOHOB.

O6ocnonaHHocrb Hayqnbrx rroJrolr(eHlrfi, nsrnoAoB u peKoMeH4aqufi,

B Allcceprarytlr o6ecne.ruBaerc-fl TrrIareJIbHbrMcSopnay"rurpoBaHHbrx

IInaHupOBaHIiIeM SKCII9pIMOHTOB IIo LIccJIeAOBaHzrc sBnelJvlu nepeHoOa B TOHKLIX

ITJIeHKaX BI4CMyTa, B TOHKITX [JIeHKaX nefLrpOBaHHOfO TennypoM Br{CMyTa r4 B
TOHKI4X rJreHKaX TBepAOfO paCTBOpa Br{CMyT-CypbMa, KOHTpOneM CTpyKrypbr

I4ccneAyeMbrx o6pasqoe, cpaBHlrreJrbHbrM aH€urr{3oM [onyqeHHbrx

IOIVqEHHbIX

gKc[epLIMeHT€uIbHbrx pe3ynbraroB (a roM qLrcJre c paHee ouy6luroBaHHbrMr4

pa6orauz) B Cnyqae, KofAa TaKoe cpaBHeHlre KoppeKTHo, HHTepnpera\ueit

pe3ynbraroB B paMKax o6qenpu3HaHHbrx reopufi.

Hayvnan HoBI{3Ha [oryrreHHbrx pe3yJrbraroB orrpeAen{ercr B rrepByK)

oqepeAb rorytreHHofi saxHofi uH$opnrauuefi o crpyKType, 4eQexrHocrn, ToHKHX

IJIeHOK BLICMyTa, BItvTflIlYtg. IIOBepXHOCTVT U MaTepLI€UIa IIOAnO)KeK, rrro nO3BOJII4JTO

BbI{BUTb Saxroprr, oK€BbrBaroulue Brrr4fl}Ive HA 3neKTpLrqecKze,

fanbBaHoMafHr{THbre u TepMo3JreKTpuqecKue cBoucTBa H3yrraeMbrx

HI43Kop€BMepHbIX o6rerros. I4cnom3oBaHue MoHoKprrcr€LrrJrrrqecKux ra 6noqnux
TIJIeHOK C pa3nI4qHbIM pa3MepOM KplrcT€lJUrLrToB rro3BoJrzJro pa3AenktTb BrrkrflH'ue

rloBepxHocrw v 4eoerron crpyKTypbr Ha u3ytraeMbre cnoficrBa, qro no3BoJrrrJro

HerlporllBopeqllBo r,rHTepnperprpoBarb He roJrbKo Ha6nro4aeMbre B paMKax Aannofi



ALICCepTaIIHOHHOLI paOOTbr, HO pr OnLrCaHHbre Apyfr{Mr4 aBTOpaMpr 3aKOHOMepHOCTT4

[potBneHurr KBaHToBoro pa3MepHoro eQ$erua B ToHKLrx nJreHKax.

,{ocronepHocrb rroJryrreHHbrx oKcrrepuMeHTaJrbHbrx pe3yJrbraroB

o6ecue.{uBaercr ncrroJrb3oBaHueM coBpeMeHHoro HayqHoro o6opyaonanufl. Anfl
KoHrponf, crpyKTypbr rr cocraBa HccJreAyeMbrx o6pa:qon. trtlccleAoBaHue serenuir
IlepeHoca [poBoAlrnocb B rxnpoKoM rrHTepBarre TeMrrepaTyp Lr LlHAyKrIr4r4

MA|HKITHbIX UOICfi fIO KJIACCUqECTOfi METO.II?IKE HA TIOCTO'HHOM TOKE I4 NOCTOSHHOM

MA|HUTHOM IIOJIE.

TeoperuqecKafl rr rrpaKTrrqecKaq 3HaqnMocrb

IlonyueHHrre pe3ynbrarhr B nacrorrqefi pa6ore MoryT cnoco6crBoBarb

pa3BHTLIIo Syn4anreHT€urbHhrx sHaHufi o Su:H.recKux rBJreHr4rx B TOHKHX rrJreHKax

H rloBepxHocrrl rloJryMerarrnoB. llpoae4ennufi aHurur3 [onyqeHHbrx

3KC[IepUMeHT[IIIbHbIX AaHHbrX paClxupreT TeOpeTUqeCKr4e rrpeAcraBrre[r4fl. o
no:4eficrBnll KJlaccuqecKoro rI KBaHToBoro pa3MepHbrx s$SexroB Ha .rrBJreHr.rt

rlepeHoca B rloJlyMerarrJrax. Pa":pa6oraHHbre e 4aHnofi pa6ore HoBbre cnoco6u
onpeAeneHLlt pa3MepoB 6roxoe roHKorrJreHoqHbrx o6pa:qor, KoHTpoJrr HX cocraBa

LI ToJIITII{HrI 6uru npuMeHeHbr npu uccneAoBaHr4flxApyrr4x uo,{o6nux MarepriaJroB.

B rcaqecrBe 3aMeqaHnfi Molr(Ho orMerrrrb cJreAyroulee:

1. B pacqere KoHlleHTparryrvr Z-enerrpoHoB r4cnonb3yercr KBaAparr{qnufi 3aKoH

Aplcrrepcuu (5.5). B ro xe BpeMn r43BecrHo, rrro An{ sneKTpoHoB s Z-roqre 3oHbr

FpunnroeHa BLIcMyra4ucuepclronHoe coorHorrreHuTe LrMeer HeKBaAparzvnrrfi nz4.
B cnssld c grxM Bo3HI4Kaer Borrpoc o6 o6ocnoBaHnu nplrMeHr.rMocrr4 AaHHoro
rrplr0irLrxteHvfl,.

2. flpu pacqere rlapql4anbHbrx au$SepeHrlu€rirbHbrx repMog.{c Bbrpox{AeHHbrx

sneKrpoHoB rI AbrpoK ucroJrb3yrcrcr Sopnrynu llucapenro (4.I2), (4.15). Oauaro

Anfl o6ecue.{eHlls cBt3Hocrr.r r43Jro)KeHr{rr cneAoBaJro 6u apryMeHTlrpoBarb r{x
nplrMeHeHHe.

3. 3alre.ranue rro repMuHonorur.r. B reKcre Ar{cceprarlzv [plrcyrcrByer
HerlocneAoBareJlbHocrb B HaHMeHoBaHuu rffo.resofi Susuvecrofi BeJrur{r4Hbr.

I4cnomgoBaHue repMrHoB (repMosAc)), <rcosQSuqlreHT TepMo3Ac>) v
(AI{00epeHIII4anbHa.fi repMogAc> 6es .r€mux orpeAelenzfi H pa3rpaHuqeHr,r.f, nx

Qusuuecrcoro cMbIcJIa cHlrx{aer crporocrb Lr3Jro}r(eHus. 3ro Mox{er 3arpyAHrrb
Bocnpuf,THe reKcra r{ [plrBoAtrrb K TepMuHonorlrrrecKofi [yraHlrrle.



4.

5

B rIeJIoM, t3bIK LI crHJIb rBJIoxeHLrrr B Arrcceprarln]r rcHbr Lr AocrynHbr Ans
Boc[pLIf,Tax. Buecre c reM, n pa6ore Bcrpeqarorcr orAeJrbnhre cr.rHTaKcuqecKrae H

QTHIrr4crvrtIecKLIe ne4oudru. Haupurvrep, Ha crp. 213 HeKoppeKTHo nocrpoeHHoe
rIpeAJro)KeHLre <<tluclenno peuaq ypaBHeHr4r (5.5), (5.6) v (5.7), (5.8), 3:elan

KoHIIeHTparIkru gJreKTpoHoB kr AbrpoK s roHxofi nlenrce Br4cMyra, Mo)KHo naircu
rIoJIoxteHLIrI sHeprerl{qecKlrx gKcrpeMyMoB saneHrHofi 3oHbr kr 3oHbr

IIpOBOAHMOOTI/D) CO3AaeT CTuIIvIcTiZ-iIecKyIO uepoxoBaToOTb kI3urpy1Hf,eT qTeHHe.

Ha crp. 162 gofiylrleHa rpaMMarlrrrecK€rr omu6ra: <<CucrerraaypaBHeHufi(4.IY9.4)
cocro[T 143 qerblp€x ypanuerruit c ceM]r Heu3BecrHbrMr{D (npanunrHo: c ceMbro

Heu3BecrHurvru). Tarxe B TeKcre [pr4cyrcrByror oreqarKr4 (nanpnvrep, Ha crp. 91

cJroBo (cocr€LrrBnxla>).

B ocnonnoM, B ALIccepraIIHu Bce pr4cyHKr4 KaqecrBeHHo BbrrroJrHeHbr Lr xoporuo
Iro.f,crlfllor Marepual. Anx yilyqlxeHurfl vuraeMocru cneAoB€rno 6u 4opa6orarr
prlcyHoK 2.37: yBeruqllrb urpuQr uo4nucefi vr rroBbrcr.rrb KoHrpacrHocrb
3JIEMEHTOB>).

Buecre c reM, cAeJIaHHbIe 3aMellaHllt u LrMeIouII4ect rexHVtIecKHe
HeroqHocrll He yM€trltlor 3HaqrdMocrrr AaHHoro uccneAoBanvrfl. PaccrvrarparBafr

ALICCeprarIXoHHyro pa6ory .{euu4ona E.B. B rIeJroM, cneAyer orMernrb, trro oHa

flBrIflercfl :ar<onqennofi HayqHo-r,rccneAoBarelrcrofi pa6orofi, o6riagarorqefi
aKTyaJlbHocrblo, nosnsHofi, nayvnofi v npaKTH.recrofi 3HaqlrMocrbro.

vrs reKcra Akrcceprar\vrur tt anrope0epara cJreAyer, qro coAepxaHr{e

Avcceprarlvonnofi pa6oru fleun4oea E.B coorBercrByer rracnopry Hay.ilrofi
clleqz€ulbHocrll 1.3.8. @uguxa KoHAeHcr.rpoBaHHoro cocrotrHlrr (frasHro-
MareMarl4qecKple Hayru) (nynrr 2 <<TeopernqecKoe vr oKcnepr4MeHTaJrbHoe

I4ccneAoBaHHe $nsu.recxux ceoficrB ynopf,AoqeHubrx vr Heynopf,Aor{eHHbrx

HeopraHuqecKllx u opfaHl{qecKr4x clrcreM, BKrroqa{ KnaccutrecKlre n KBaHToBbre

xLIAKocrE, creKJIa pa3nllrlHofi npupo4u, Ar4cnepcHbre u KBaHToBbre cucreMbr,
cl{creMbl nonnxeHHoft pa3MepHocru)>, rryHKT 7 <<TeoperzqecKlre pacqerbr Lr

SKcrIepLIMeHT€uIbHbIe u3MepeHrar ererrponHofi soHHofi crpyKTypbr, AT4HaMHKH

peru€rrcu vr Kpllcr€rnnzqecrofi crpyKTypbr rBepAbrx ren>>). Co4epxanue

Allcceprarlr4Lr c neo6xo4nIuofi ronHorofi orpax(eHo B aBropeQepare. OcnoaHoe
HayqHoe coAepx{aHvre uvcceprarlvru, BbrBoAbr AprcceprarllroHHofo trccneAoBaic'krfl v
rIoJIonteHI4l BbIHocpIMbIe Ha 3arrlrrry npeAcraBJreHbr n uy6lurarlurx B u34a*ktflx,
peKoMeH.{oBaHHbrx BAK H npr{paBHeHHbrx K Hr4M.

C'rnraro, rITo Allcceprallr4f, .{evrn4ona E.B. "3nercrpoHHbre rBJreHXt
rlepeHoca B ycnoBHrIX KBaHToBoro kr KJraccr4qecKoro pa3MepHbrx e$Sexroe B

5.

ToHKI4x rIJIeHKax BLIcMyra", npeAcraBJreHHa{ Ha concKaHLre yuenofi crerreHr4




