
OT3bIB

q;1eHa Agcceprarlr4oHuoro coBera fpe6euur.rxona BlaAprMupa Zocu(ponnua

Ha Aucceprarl?roHHyro pa6ory Tapacona Apreua BsqecrasoBl,Irra Ha reuy <PassurlIe MeroAHK

un*i"u $ orosunccr{r,r KBa3rrAByMepHbx crpyKryp Ha rlpl4Mepe rpa$eua u 4f-cucrelr >,

npeAcraBneHHyro Ha corrcKaHue y.reuofi crerreHl4 KaHAI,IAara (fusuro-uareMarl4tlecKl'Ix HayK no

c[eq[aJrbuocrz 1 . 3. 8. @ra:raxa KoHAeHcLIpoBaHHoro cocrotH]I.f,

fiuccepraqr{oHHafl pa6ora A.B. Tapacona nocBsrqeHa pa.:pa6orre HoBoro

SKCrrepr,rMeHTaJrbHofo MeToAa uccneAoBaHl,Ifl JIOKaJIbHOfo aToMHoro cTpoeHl4t IIOBepXHOCTLI

cJror.rcrbrx coeAuneuzft Ha ocHoBe anurLr3a KaprI4HbI yrnoBoro pacnpeAeneHllt

(foroslerrpoHoB, BbrrrreArrrr4x trs o6pasqa c (prarcraposauuoft raneruqecrofi eneprueft.

I4cuolrsyr MoHoxpoMaT[rrecKoe c]rHxpoTpoHHoe ISJIfreHI{e, MoxHo ceJIeKTI'IBHo llccneAoBarb

tforoenerrpoHbr r,r3 nrr6pannoro gHsprerl4rlecKofo ypoBHt aroMa 3aAaHuoro xHMllqecKofo

gJreMeHTa. IrlureptfepeHrlr,rr c6epHuecrcoft slexrpounofi sorgbr or IIeHTpaJIbHoro I4crotIHI4Ka I4

ynpyro pacceqHnbrx BoJrH Ha aroMax oKpyxeHus nopoxAaer KaprI4Hy $oroenexrpouuofi

4a$parqrau (OD - [p]rrryAnuByro'crrcreMy rrepeAyloquxcf, MaKcI'IMyMoB I{ MI'IHI4M}MoB B

yrnoBoM pacnpeAeneHr.rlr AereKTr,rpyeMoro (fororora. B orrur.rue or peHTreHoscrofi 4rarfparqura

(poroenexrpoHbr (- 100 eB) unaeror Mrrnyro AnrrHy ynpyroro npo6era B HecKoJIbKo MexaroMHbIX

paccrogruft. W gro xopoIuo, nocKonbKy Aaer yHI.IKanbHyIo nuSoprrlaquro o6 arounofi

crpyKType noBepxHocru. Illoxo Apyroe, oqeHb cJIoxHa flpol{eAypa orrpeAeneHl4s KoopAI'IHar

aroMoB rro gKcnep[MeuTirJrbHbrM AaHHbrM. Tpe6yercx pacqer MHofoKparHoro pacceflHvrs'

(loroslerrpoHa Ha aroMax, yAaneur{e Heyrrpyroro (pona rlorepb, Aa }I rloBepxnocrb o6rrquo

cocror{T He r.r3 oAHofo Kpr,rcrirnnuqecKoro Mouocros. O6paruar 3al.aqa paccesHufl He I4Meer

perynf,pgoro anropr{TMa peueuHx. llpuxoAllTc{ 3aAaBarb aroMHyro crpyKTypy, BbIqIrcJIflTb

Kaprr4Hy tporoenerrpouuoft 4ra$par<quu, cpaBHLIBarb ee c gKcrlepllMeura-nruoft, 3areM I'I3MeHflTb

feoMerpr{rc aroMoB, cHoBa cpaBHlrBarb c gKcrrepnMeHToM. llpoqeaypa rIoAroHKI4 rlpo.{oJlxaercs

AO AOCTIDKeHI'If OIITI{M&JIbHOTO COf JIaCOBaHLI.f, .

Anrop npomer Becb gror rrlrb or :eralrara Ao KoHua, pa:pa6oran u anpo6upona:t

saAeNnufi MeroA noJryr{eHr.rr arorusofi crpyKTypbl noBepxHocrll IIo SKcnepI4MeHTanbHo

r43MepeuHoMy yDIoBoMy pacnpeAeneHl'Irc $ororora.

OcnoeHas qacrb Ar4cceprarlnu. TeoperllqecKat, cBfl3aHlJas, c t4crIoJIb3oBaHlIeM

KoMrrbloTepHblx MeTOAOB pacqeTa, 
lo 

He MeHee cyIqeCTBeHHO LI To, Ho aBTop IIpI'IHI{MaI

yqacrr4e B rrocraHoBKe r.r ilpoBeqeulrv gKcrIeplIMeHTaJIbHbx usruepeHIAi. 3ro o'reub BaxHo AJIJ{

(poprrrupoeaulls IaccneAoBareJlt Lr nnfl rIoJIb3bI AeJIa.

Paspa6orannrrfi MeroA 6ul npr4MeHeH K AByM pa3HbIM TI{naM HoBbIx cJlollcrbrx

coeAr.rHeHr.rft. 3ro rpa$en Ha noAnoxKe MeraJlna Lo tr rrocJle rerllpoBaHl4fl IIpI{MecHbIMI{

aToMaMrr u rrHTepMeTirnJrr4Abr Ha ocHoBe p€.4KO3eMeJIbHbD( SJIeMeHTOB TuilA TbRh2si2'
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EuIr2Si2' llonyuennrte pe3yJlbrarbr r{Meror caMocrosreJrbuoe 3Haqeur.re Nrs, (pusurcu

rloBepxHocrla y[oMtHyrblx coe4unenzfi, BKrloqa.f, MafHerr.3M rroBepxHocrr4 P3M. Taxuu

o6pasou, nrr6paHuar rerua n4noffHe aKTyaJrbHa, rro MeroAaM r{ no pe3yJrbraraM.

o6parrlaxct x crpyKrype v ocHoBHoMy coAepxaHr{ro pa6orrr, cJreAyer orMerr4Tb

uogpo6noe H APyxecrBeHHoe rlo ornolrleHprro K qr4TareJrro r.r3JroxeHr.re Marepr,raJra. llprErvlepHo

nonoBI'IHy reKcra 3aHI'IMaer o6sop nl4Teparypbl, r{c[onmyeMbrx gKcrrepr4MeHTaJrbHbx u
TeoperI4qecKI'IX MeroAoe. B AaHHoM cnyqae oro B[oJrHe onpaBAaHHo, [oroMy qro rpe6yercx

no4po6noe orII4caHLIe crlexTpanbHhrx rz 4raspaxquouHbrx Mero,4oB, (fzsuxu rroBepxHocrt4,

MeroAoB pacqera arolrHrx4f-cocrosuu it u't eopnu MHoroKparuoro paccergr{r.

B tpeGefi fJraBe LI3JIoxeH6I ocHoBhr parpa6orannofi npoqeAyphr rrorrcKa onruuanrnoft

arounofi crpyKTypbl noBepxHocrll o6pasqa [ocpeAcrBoM MrrHr.rMr{3arl}rr4 R-Saxropa,

orpaxaloqero HeB.f,3Ky sKcnepI4MeHTaJIbHofi OA KaprLIHbr 14 paccqurannoft B paMKax reopuu
MHoroKparHoro SJIeKTpoHHofo pacceflHut. flprawreHenHe srofi MeroAr.rKr.r npoAeMoHcrpr{poBaHo

Ha rIpI'IMepe aHaJrI43a crpyKTypbl rloBepxHocrr.l CeIrIn5. Y4alocr ocrarroBrrrb flpuqr.rHy HaJruqufl.
(Ha nonepxHocrl'I Celn-repr'runal.uu) rr orcyrcrnrax (In-repMr4Harlur4a) pacqeuJreHrdr clr,rH-
nontpl{3oBaHHbrx cocrosunfi, Koropa;I 3aKnloqaercr n o6HapyNeuuofi crpyr<rypuofi
peKoHcrpyKIII'II4 uH4ueeofi IIoBepxHocrI4. Kpoue roro, TaKXe peanr{3oBaH Hoerrfi MeroA

$oroanerrpoHnoft ronorpa$ua, o6ecnequnarorqufi BhrcoKyro roqHocrb ronorpaSaqecKofo

a]Jarw&a 2D varepuanon. Bnur uccneAoBaH uurepSeftc B-rpa$eulCo(0001) - AorprpoBasnrrfi
6opona rpa(peu Ha noBepxHocrll xo6anrra. Yganocl rr3Mepr.rrb Aonu aroMoB 6opa,
HaxoAtlrleroct B noApelrrerKe rpa$eua, pac[oJloxesnofi Ha aroMax xo6alrra 1a n gpyrofi

nolperxerKe, rleuTpoBanHoft MexAy C o _arorraauu.

B fnane 4 paseuru MeroAIrKI,I MoAenr{poBanux SorooMr,rccr4ra us 4f-o6oroqxn p3O e
rloBepxHocrHoM cJloe coeAI4HeHI'Ifi. Paccquraurr 4f (potoslexrpoHHbre crreKTpbr 4na cocroxnufi
c pa3nurrHblMl4 npoeKIII4tMI{ rIoJIHoro MoMeHTa Ha ocb KBaHToBaHz.s. 3ror na6op cneKTpoB
rlo3BoJr{er BI'IAerb Ha SKcnepI4MeHTe, KaK HarIpaBJIeHI4e MafHr4THbx 4f-nroueutoB Moxer
I'I3MeHtrbct Ha rloBepxHocrl4 Kpl4craJlna orHocr,rrenruo o6renra. floxasano, r{To MarHr4THbre
MoMeHrbI Tb B TbRh2Si2, I'IMeIoque e o6reNae AOM rop.rrAoK rreprreHArzKynrpHo K
IIoBepXHOcTI{' 'I3MeHtIoT cBOe HaIIpaBneHI4e 14 pacloJlafalOTct B TIJIoCKoCTI4 nepBofo aToMHofO

cnos' Ha [pl{Mepe cnoucroro rprzcra-rrna EuIr2Si2 noKa3aHo, KaKr{M o6parou 3ueprerr,rqecKoe

pacqerlJleHue nurtuit or cocrotHHft c neperrlenuoft BiureHTHocrbro B o6neue rd Ha noBepxgocrr4

Moxer 6rrG I{crIoJIb3oBaHo Anfl onpe.qeneHr,rr raKax csoftcrn groro Marepl4ana, KaK
BiuIeHTHocrb I4 MafHl{rur,rfi nopflroK Ha noBepxHocrlr u s 6oree rny6orux aroMHbrx cro{x ro
sKCrreprzMeHTaJrbHbrM KaprrrHaM @o:roererrponuoft guopaKquu.



B IIeJIOM, .udccepralll4t npeAcraBnrer co6ofi 3aKoHr{eHgyio HayrrHyro

I'IccJIeIoBareJrbcKyIo pa6ory, coAepxalqylo perreHue aKryaJrruofi salaqu paspa6orKr,r HoBbx

MeroAoB onpeAeneHpr.f, aroMHofi crpyxrypbr [oBepxHocrLr.

3aueqauus rro Arlccepraquonuofi pa6ore

Crp.129. <fnasa 4. Merolznpr aHaJru3aSorosurEccvrurvr3 orxprrrofi 4f-o6ono.rKra)

B 3afonoBKax, HaBepHoe, nyqme rrpllAepxllBarbcfl rpa4raqraonHofi TepMr4Honorr4r.r:
(He3arIoJIHeHHilI o6oro'rKa). Xorg orKphrrrur-3aKpbrrar roxe rroHmgo. B o6sope, wp. 46,

cAeJIaH pesxnft caqoK or (Kpyronofi norxptrsa:llztkr>> K (crrrlHy $oroua>. Brmo 6rr yuecruo

rlotcHlzrb, qro 3To oAHo LI To xe (erUe ecrr H Tperbe Ha3BaHr4e - (c[]IpilnbHoc6>).

Crp.117. <Alrr HccneAoBaHrlt nu6panurx HaMr.r n ganuofi pa6ore uurep(feftcon

rpaQena o6rqee KoJII,IqecrBo BKJIroqeHHbrx B AI4KP-MM3 anarzs xonsurypaqufi cocraersno

nu6o 4608, lu6o 9216 crpyrcyp, B 3aBl4cl,rMocrrz or nu6pauuoro Ar{arra3oHa Bbrcor.))

He onpe4eJleHo, qro raKoe crpyKTypa. KoopAnHarbr xr4MlrqecKr.rx sJreMeHToB B Knacrepe

ug 400 arouon? 9ev oAna crpyrrypa orrr{rraerc.fl or gpyrofi? Cromxo crpyKryp ocraJrocb

nocJle orrcwwusaryuu?

Crp. 136. ('.. I43 KJlaccuqecroft 4f-(forosruuccLrzr Moxno rroJrrrrrrb oyrlecrBeHuyro

uuSopnaaqrarc o6 ocHoBHoM 4f-cocrosHvtv v opuegTarlr4rr MarHr.rrHbrx MoMeHToB B orneJrbgbrx

aroMHbrx cJro.f,x s6nusu rroBepxHocrrl Kpr{craJrJra. )

lloAo6srre yrBepxAeHLIt Bcrpeqaurcs. v B Apyrr4x Mecrax Alrcceprarluu. Bce-raKr4, o
0B{3I'I Qoroenruccrll4 I4 MafHerLI3Ma cneAyer BbrcKa3brBamcs 6olee arKyparHo. ,{eftcrwtreJrbHo,
noJloxeHl4e I4 I{HTeHcI{BHocrb Qoro:lexrponHofi tuHnv 3aBr4cflT or a6comorsoii ne:ruqr.rHbr

lpoeKIII'I[ noirHoro MarHI'ITHoro MoMeHTa aroMa Ha ocb KBaHToBaHIar (no, K coxaJleHlrro, He

3aBr.rclrr or 3HaKa npoerqrau). Tar< cocro xnux -16 Lr -6 Aaror oAr4HaKoBbIft cnexrp, To ecrb crrexTp
He 3aBI4CI'IT HI4 OT OpI{eHTaIIV[ MaTHVTHO|O MOMeHTa, HU OT Ma|HI4THOTO [OprAKa:

Qeppouaruerl4K, auTl4Sepporuaruerl4K, napaMarHerr4K c oAr.rHaKoBbrMr.r aroMHbrMu MafHr{THbrMr4
trprcraMl,r prMeror oAr,IHaKoBbre @ 3 clerrprr.

Crp.l76. <Pucyuott 4.13. (g, h) I,Isrr,repeHHbre reMrreparypHbre 3aBnclrMocrn TbRh2Si2

AJI-f, oTHoIIreHVt LIHTeHcI'IBHocTeft 4f-O3 s o6rlacrsx I u2, rloKa3anHhrx n (c), cpaBHr.rBaroTcf c

TeoperplqecKl{Ml4 KpI'IBbMIz, IloryqeHHblM.u [ns. pa3[LlrrHbx IIK[I).

Ha pracylrrce noKa3aHo reMneparypHoe r.r3MeHeHr4e crreKTpoB, a raKxe r.rx r4HTefpanbHbrx

I4HTeHcI4BHocrefi B rByx 3Hepferl4qecxl4x LIHTepBanax. llocrolrxy n padore o6cyx4aercr cBf,3b

(porosrranccrl[ LI MarHerI'I3Ma, To Bo3Hr4Kaer Borrpoc. MoNuo rrvt Ha ocHoBaHr4r4 npr4BeAeHHbrx

AaHHbIX cAenarb 3aKnloqeHl4e o reMrleparypnoft 3aBI,IcI4Mocrr,r HaMarHllqeHHoorr{ noBepxHocrl4

uru o6reua?

llpereusuu K Texcry AI{ccepraII}II4, oAHaKo, He orMeHflror ee ocgoBHbrx pe3ynbraroB.
3



BnpruarentHoe qreHue Ar{cceprarluu y6exgaer, qro BbIBoAbI, cAeJIaHHbIe aBTopoM, I4

(fopnaynupoBKa ocnoBHbrx noloNeguft, BbIHocLIMbIX Ha 3arqllTy, BepHbI I'I He BbI3bIBaIor

nospaxenuft. Han6onee 3Harrr4TeJrbHbre pe3ynbrarbl AHccepraIIuI4 BbIIIre nogpo6tto

rrpoaHanrr3r.rpoBaHbr vr prM yxe AaHa BecbMa BblcoKa.a oIreHKa. .{r,rccepraqat [peAcraBJlter

rleJrbHoe r.rccJreAoBaHr.re, coAep)r(r.rT rIeTKlIe $oprrtynupoBK[ IIeJII{ pa6oru lI coOTBeTcTByIouUe

I,IM BbIBOAbI.

Honprsga r4ccneAoBaHru xapaKTepr{3yercs nrr6oporu reMbl, opl4ruHaJlbHocrblo rIoAXoAa K

o6pa6orxe sKcrreprzMeHTaJrbHbrx AaHHbx. Teoperuuecxuit u MareMarl,Iuecxuft aHaJII'I3 npoBeAeH

Ha BbrcoKoM ypoBHe. ,{ocronepnocrb pe3ynbraroB o6ecneqnsaerc . HcloJIb3oBaHI'IeM ryqutax

SKCrrepI4MeHTaJIbHbrX MeTOAr.rK, COBpeMeHHbIX BbIqVCJII4TeJIbHbX MeTOAOB II BO3MOXHOCTbIO

sKcneplrMenrzutsnoft npoBepKI,I pe3ynbraroB.

B qelovr MoxHo yrBepxAarb, qro Ar.rcceprarlr,rs A.B. Tapacona BbIrIorIHeHa Ha BecbMa

aKTyaJrbHyro reMy r{ Ha BbrcoKoM HayrrHoM ypoBHe. B 4zccepraqI4l{ peileHa 3anaara,I4Merolutul

cyrlecrBeHHoe 3HarreHr,re nnfl (pnsuxu KoHAeHcI4poBaHHofo cocroflHut, Koropyrc MoxHo

cQopruynupoBarb KaK co3AaHr4e MeroAa rronfreHl4t KoJII4qecrBeHHbIX xapaKTepl,Icrur aromuofi

cTpyKTypbr rroBepxHocTr.r Ha ocHoBe pasByITufl LI npI4MeHeHLIf yrnoBblx I4 cIIeKTpaJIbHbIX

MeroAoB $oroeuuccrau.

Brffo.reHHbre B Arrccepraurlro Marepr.ranbr IoJTTILIJII{ cBoeBpeMeHHoe I{ AocraroqHoe

orpaxeHae n Hay.ruoft rrerrarlr r4 AoKnaAax ua xoH$epeHIII,ux. Onu ugnecrnrt uayuuoft

o 6qecrnenHocrl{, ql,ITl{pylorcx u o6cyNgalorc.f, .

[racceprauua Tapacona Apreua Bs.{ecranoBr,rr{a Ha reMy: <Pa:nnrue MeroAI{K ar.aJrusa

Sorosrur.rccrrr4 KBa3r.rAByMepHbrx crpyKTyp Ha npr,IMepe rpa(feua u 4f-cuqeM)) coorBercrByer

ocHoBHbrM rpe6onaunrM, ycraHoBJreHHbrM flprarasolvr or 19.1I.2021 l\il 11181/1 (O rops.4Ke

npficyxAeHur yr{egbrx crereHefi e CauKr-llerep6yprcroM rocyAapcrBeHHoM yHI,IBepc[Tere),

cor4cKareJrb Tapacoe Aprelr Bgqecragosuq 3acnyxllBaer rIpI4cy>KAeHl{t yueuoft crerleHl{

KaHAr.rAara Susur<o-uareMaruqecKrax HayK rro cleq]IaJlbHocrl,I 1.3.8. @usuxa

KoHAeHcHpoBaHHoro cocrosHus. Hapyuenr.rr rryHKToB 9 n 1l yKa3aHHoro llopx4rca B

Ar,rcceprarlvrpr He o6Hapyxeuu.

r{len Aprcceprarlr{oHHoro coBera

,{oxrop $n:uro-uareMarr4rrecKr4x HayK, n n -;a1
i0 LP/ . B.r4.rpe6euHurconrlraeFlltfi uay.rHltfi coTpyAHI,IK I4OM y
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