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BeAyllleli OpraHM3aldd Ha AucceprandoHHyro paboty KosaneBoit EBreHun AHIOpeeBHbI
«HccnenoBanue KOHTaKTHBIX B3aUMOJeHCTBHH B HHTep(elcax Ha ocHOBe HekoTophix 0D u 1D
HaHOOOBEKTOB M  (peppOMarHMTHBIX  MaTEpUaJiOB  METOJAMH  KBaHTOBOH  XHUMHH»,
NpPEACTaBJICHHYIO Ha COUCKaHHE YYEHOH CTelMeHH KaHAuAaTa (pU3HKO-MaTeMaTHYECKHX HayK IO
cneudanbHocTH 01.04.07 - Qu3nKa KOHAEHCHPOBAHHOTO COCTOSHHUS.

IlpencraBneHHast QuccepTamus MOCBAIIEHAa KBAHTOBO-XHMHUYECKOMY MOJEITHPOBAHHIO
HAHOKOMIIO3HTOB Ha OCHOBE YIJIEPOAHBIX H HEYTJIEPOIHBIX HAHOCTPYKTYD ¢ eppOMarHUTHBIMH
nomnoxkamu. [lpumeHeHHe Haubojiee COBPEMEHHBIX TEOPETHYECKHX MOAXONOB  JIs
NpeACKa3aHHss YHHUKAIbHBIX CBOHCTB HOBEHIIMX HAHOKOMIIO3HUTHBIX MaTEpHAJIOB ONpPEIEINSET

BBICOKYIO aKTYaIbHOCTb AHCCEPTAallMOHHON paboThl. Ha OCHOBe NpPOBENEHHBIX KBaHTOBO-

XHMHYECKHX pacyeToOB NpeacKa3aHbl HauOojee BHITOJHBIE KOH(QHUTYypalHH KOMIIO3HUTOB,
OLICHEHAa BO3MOXXHOCTh BO3HHKHOBEHHS CIIHHOBOH INOJIAPH3aLUH B STHX CHCTEMAXx, MPEAJIOKEH
MEXaHHU3M pa3JIOKEHHUs] KOMIIJIEKCHOTO COSAMHEHHUsI HPUAUS Ha MOBEPXHOCTH Xeje3a. Pacyersl
NpOBEICHBI B COBPEMEHHBIX KBaHTOBO-xHMHYecKHX maketax VASP (Vienna Ab-initio
Simulation Package), Orca, OpenMX B pamkax Teopud ¢yHkuHoHana miotHoctd (DFT),
IIHPOKO NPHMEHSIEMOH MJIA pacyera Kak KPHCTAJUIMYECKHX TaK M MOJIEKYJSPHO-KIaCTEPHBIX

CHCTCM.

Beuny Oosbmoro pasHooOpasuss OOBEKTOB HCCIEAOBaHUS OIS KaxIOro H3
PacCMOTPEHHBIX HAHOKOMIIO3MTOB HCIIOJIB30BaH MHAMBHAYalbHBIH HabOp METONOB H IMOAXOIO0B

K OIITHCAaHHIO SHCKTPOHHOf/'I CTPYKTYpPbl H TIIPOBECACHO COIIOCTABJICHHC C HMCIOIMUMHCA

JIMTEpAaTypHbIMH JaHHBIMH, 4YTO o0ecreynBaeT BBICOKYIO JOOCTOBEPHOCTE MNOJYYCHHBIX

PE3VIBTATOB.

B xonme pa®oThl H3y4eHbl HAHOKOMIO3UTBHI Ha OCHOBE yriepoaHelx U BN HanoTpyOok
pa3IM4YHOH XHPATBHOCTH, DAaclOJIOKEHHBIX Ha IOBEPXHOCTAX (EpPOMArHUTHBIX METAJIIOB
KobajlbTa M HHKEJs, NPOBEACHO COMNOCTaBIEHHE MNOMYYEHHBIX DPe3yJbTaTOB C HMEIOLIMMHCA
JAHHBIMH OTHOCHTEJIBHO COOTBETCTBYIOIIUX MIaHAPHBIX CTPYKTYp. MccienoBansl 0COOEHHOCTH
pacrpefieneHus 3JEKTPOHHOH M CNIMHOBOH IUIOTHOCTH B TAKHX CHCTEMax, MOKa3aHO BIIMSHHE
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IOJUIOKKH Ha IpPOBOJAIIME CBOHCTBA HaHOOOBEKTa. B YacTHOCTH, YCTQHOBJIEHO, HYTO
TNIOJIyIPOBOJXHUKOBAsl YIiiepoiHass HaHoTpyOka xupanbHocTH (10,0) mpu B3auMOAEHCTBHH C
MOJJIOKKAMH KOOANbTa ¥ HUKEJS CYLIECTBEHHO H3MEHSET CBOIO JJIEKTPOHHYIO CTPYKTYpPY, UTO
NPUBOJHUT K HCYE3HOBEHHUIO 3aIPEILCHHOM 30HBI 1 BO3HHKHOBEHHIO CITMHOBOI NMOJISIpH3alliK Ha
ypoBHe @Pepmu. B To ke BpeMs, s OGOp-HUTPHUAHBIX HAHOTPYOOK mOHOOHENA addexrt

HabozfaeTcs TOJIBKO B 06/1aCTH HHTEpdeiica.

BnepBrle  HCCIENOBaHA BO3MOXHOCTH OIIHOBpCMCHHOﬁ pealln3allii HECKOJIBKHX

KOH(UTypanuii HAaHOKOMIIO3HUTOB Ha OCHOBe (QymnepeHa Cgo U (PeppOMarHUTHEIX IMOATIONKEK
XKesne3a M MaHranuta JanTaHa-ctpoHuus (LSMO). Ilokazana xmodeBas posib AepopMariuu
NIOAJIOKKH JKene3a B (OPMHUPOBAHHH CBOMCTB TaKOro HaHOKOMIIO3MTA, YCTaHOBJICHAa CHJIbHAs
3aBUCHMOCTh MEXy 3HAUCHHEM CITMHOBOH MOJISIpU3aLUU HAa ypoBHe PepMu U KOHQUTrypanueH
KOMIIO3UTa. PaccunTaHHbIE BEPOSATHOCTH IOSBJIEHHS KQXIOTO U3 COCTOSHHH M NOTEHLHAJIBHEIE
Oapeepsl Murpauuud O¢ymnepeHa Ha noBepxHocTH Fe(00l) moka3plBaloT BO3MOMXHOCTH
peanu3alii HECKOJBKUX BO3MOXKHBIX CTPYKTYp. AHAJIOTHYHBIH aHAIU3 MPOBEICH TaKXe M IS
KoMro3uToB Ha ocHoBe LSMO. INokazana 3aBUCHMOCTb SHEPrHH CBSI3H U BEJIUYHHBI CIHHOBOH
NoJsspu3aluud Ha ypoBHe DepMH OT CTENEHH NEPEKpBIBAHHsS MEXAYy aTOMaMH MaprasHia H
yriepopa. M3ydyeHo B3auMoJeHCTBHE YIJICPOAHBIX HAHOTPYOOK ¢ moBepxHocThio LSMO B

3aBHCHMOCTH OT TEPMHHHPOBAHWUS  IIOBECPXHOCTH. IlonTBepkeHa  KiIOuYeBas poJib

B3aUMOJEHCTBUS YIJIEPOAHBIX HAHOCTPYKTYp C aTOMaMH MapraHiia B ¢OpMHPOBAHUU CIIHHOBOH

MOJIAPHU3ALIHH B JAHHBIX CHCTCMaAX.

MogenupoBanue mpolecca pazioKEHHs KOMIUIEKCHOro coenuHeHus Ir(acac)(CO);
MO3BOJIMJIO OOBACHHUTH UMEIOLIMECS SKCIIEPHMEHTANIBHBIE AaHHbIE, KacalollUecs: MeXaHu3Ma €ro
TEpPMHYECKOTO pa3ioxeHHs. B To BpeMs kak B razoBod (aze mabmonaercs obpaszoBaHue
MeTacTabUIIBHOIO COEIWHEHHS C JOCTATOYHO BBICOKHM MOTEHLMANBHBIM OappepoM, ancopOuus
Ha TIOBEPXHOCTH IKeje3a TMPHBOAMT K CYLLECTBEHHOH CTPYKTYpHOH I€pecTpoike H
6e30apbepHOMY PA3JIOKEHHIO KOMILUIEKCA. J{OMOJMHHUTENBHEIE pacueThl MOKa3ald BO3MOXKHOCTD
MUTpaliMH U NEeperpynnupoBKU MPOLYKTOB Pa3JIoKEHHUS U UX MOCIEAYIOLEH qecopOLun B BUAE

CO u aueTHiIaLlETOHA.

K npencrasneHHON auccepTaltMOHHON paboTe MMEIOTCS CIACAYIOIHNE 3aMEYaHMs:

1. B TexcTe muccepranuMy H3MUIIHE MOAPOOHO MpPUBEAEHBI OMHUCAHHUS MHOTHMX UIMPOKO
pacnpoCTpaHEHHBIX METOAOB, TaKHUX KaK TeopHs noctpoeHus pynkuuonana PBE, cyTe Ban-gep-
BaanbcoBbIX nmonpasok DFT-D3, DFT + U. Bee netanu cranzapTHEIX METOAOB, HCIIOJIBb3YEMBIX B
paboTe, OYEBHAHO, HEBO3MOXHO OINHUCAaTh, MOITOMY HOCTAaTOYHO OBUIO OBl OrpaHHYHTECS
CCBUIKAMH Ha OpPUTHHAIBHYIO JIUTepaTypy. Tak, B [uccepTalliM MCHOJNB3yeTCs ABa BHIA

norenuuanoB BangepOunbra: 6e3 coxpaHenus HopMHpoBKH (ultrasoft PP, cceumka [102]) u ¢
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coxpaHeHHeM (norm-conserving, [141]). Meroauka nocTpoeHus NepBOro MpHBEIEHA, BTOPOTO —

HET.

2. HenoctaTouHo HOIlpO6HO OMHCaHbl HEKOTOPBIE BaXXHBIC TEXHHYCCKHEC JCTAIH

pacy€ToB, B YaCTHOCTH;

a) He nano o6ocHoBaHHe 3Hepruu otcedeHus Ecyor=400 3B, a HMEHHO, HE MpUBEACHBI JaHHBIC
0 CXOOMMOCTH HapaMeTpoB (00BEM 3JIEMEHTAapHOH SYEHKH, JHEPrUs KOTe3uH, OOBEMHBIN
MOIYJb CXaTHSA) B 3aBUCHMOCTH OT BeJHYHHB! Ecyorr H HCHONB3yeMOH ceTkd k-touek. He
yKa3aHO, NpH KaKuX IapaMeTpax BBIYMCIIEHBl 3JEMEHTApHbIE SUEHKH M COOTBETCTBYIOT JIU
pe3ynbTaThl ONTHMU3ALUH CyTiepsiuelike, KOTopas B JalbHEHIIIeM HCII0Ib30BaIach LIS PACUETOB

MIOBEPXHOCTH.

6) HUcnonn3oBana iu B pabore TexHuka ymupeHus yposHe#(Fermi-Dirac, Methfessel-Paxton,
Marzari-Vanderbilt), oOblMHO mNpHUMeHsieMass B pacyeTax METAVIOB € LEJNbI0 YCKOPEHHS

CXO/IMMOCTH MpoLiecca CaMOCOTIacOBaHHUs.
B) OTCYTCTBYIOT CCBUIKH Ha HCXOHBIE KPHCTaUTHUeCKHe CTPYKTYpBl Co u Ni.

r) He obcyxnarorcs 3¢¢eKTpl penakcallid HOBEPXHOCTH IpH @epexoJe OT pacyeToB
TPEXMEPHBIX KPHCTAIJIOB K NTOBEPXHOCTHBIM cTpyKTypaM. Ha pucynke 10 (cTp. 58) BUAHO, uTO
CJIOM MeTaina o0pa3yloT BOJIHBI IPH ancopbuuu HaHOTPYOoK. Kak 6b1 HBMEHHIIUCH pe3yIbTaThl,
€CIIH JOMYCTHTh pellaKcalliio METAIMYECKOH NOAMOKKH B IUIOCKOCTH xy? He obcyxnaercs

3aBHCHMOCTB PE3YJIBTATOB OT CTCIICHH ITOKPBITHSA IIOBEPXHOCTH.

3. Ha c. 69 auccepranuu Npea3KCIOHEHIUMATbHBIH MHOXHTENb KOHCTAHTHI CKOPOCTH
nepemelieHus: ¢yJuiepeHa MO MOBEPXHOCTH BBIYHCIEH II0 TEOPHH NEPEXOAHOTO COCTOSHHS.
OTkyna B3sThl 4aCTOTHI Koslebanuii? B paboTe HET ymOMHHAHUS O pacyére YacTOT MEPEXOJHOTO
COCTOSIHHSL H UCXOJHOT0 (pyiepeHa Ha MOBepXHOCTH. CBSA3aHO JIM NepeMelleHne QysuiepeHa co
CKOJIBXXCHUEM HJIM BpallaTesIbHbIM JIBHXEHHEM MOJIEKYJIbI BAOJL NOBEpXHOCTH? M3 pucyHKOB
12 u 13 cnoxxHo clenarb ONnpeaeneHHbIE BHIBOJBI.

4. Ecnu pasznoxenue Ir(acac)(CO), (rmaBa 5) npoucXoAUT Ha CTEHKAax M3 cTaud (T.e.
Xeye30-yriepon), To noyeMy Oputa BelOpaHa rpaHp Fe(001)? Haubonee crabunpHas rpaHp —
Fe(111). XKenezo-yrnepoausle criaBel uMeroT cTpykrypy y—Fe, I'LIK. O6pamaer Ha cebs
BHHMaHHE 4Ype3BblYaliHO OoJbiuas 3Heprusi cBa3M HcexomHoro komiiekca Ir(acac)(CO); ¢
HOBepXHOCThIO — mouTH 6 3B (c. 101, tabmuna 10). dakTHyeckd 3TO BO3MOXHO, B Clyvyae
JUCCOIHATHBHONM XeMOCOpPOIIMH Ha MoBepXHOCTH kene3a. CylecTByeT U B YCIOBHSX
OKCIIEpUMEHTa MeTa/IMueckass IOBEpPXHOCTh ¢ MNomoOHON akTuBHOCTBIO? Ha mpaxTuke

-

IIOBEPXHOCTH JKejle3a MOXeT ObITh MOKphITa ClloeM Kapbula umu okcupa. K coxanenuio, B

paboTte HE 06CYXAaeTCs1 BOIIPOC O COCTOSTHUU ITOBEPXHOCTH.
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E.A. KoBaneBoH yCHeIIHO pelICHa 3aJada TEOPETHYECKOT0 KBAHTOBO-XHMHYECKOIO

MOJEMPOBaHUSI HAHOKOMIIO3UTOB Ha OCHOBE YIJIEPOJHBIX M HEYINIEPOJHBIX HAHOCTPYKTYP C
(eppOMarHUTHEIMH MOAJOXKKaMHU. [lonyyeHHBIE aBTOPOM pe3yJbTaThl AOCTOBEPHBI, BBIBOIBI
JOCTaTOYHO 000CHOBaHBI., Pe3ynpTaTel paboThl COAEpKAT HOBBIE 3HAYMMBIEC HayUHbIE JaHHBIE U
MOTYT OBITh HCIOJIb30BaHBl B Pa3IMYHBIX HHCTUTYTax PAH, B KOTOPBIX H3ydaroTcsi npo6eMbl
CIIMHTPOHHKH M NOJYYEHHS] TOHKOIUIEHOYHBIX MOKPHITHIA, B yacTHocTH, UPII CO PAH, MHX
CO PAH um. A.B. HukonaeBa, UK CO PAH um. I'.K. bopeckosa, MTL[ CO PAH, MOHX uwm.
H.C. KypnakoBa, a Ttacke MI'Y uMm. M.B. JlomoHocoBa. OcHOBHbIE pe3ynbTaThl pabOTHI
ony6IMKOBaHBl B U3BECTHBIX Hay4yHBIX )XypHajax. ABTopedepaT ZOCTAaTOYHO IMOJIHO OTpakaeT

COACPXKAHNUC OTHCCCPTALHH.

HucceprauondHas paboTa MOJHOCTBIO OTBeYaeT KpHUTepusAM [lojioxkeHHA o nopsaxe
NPHCY)XICHUS YYEHBIX CTeneHed, a ee aBrop, KoBaseBa EBreHust AHApecBHa, 3acCiyXHMBaeT
NPUCY)KICHHS YUYEHOH CTENEeHM KaHaupaaTta (U3HKO-MaTeMaTHYECKHUX HayK MO CNEHHAIBHOCTH

01.04.07 — ®u3mnxa KOHACHCHPOBAHHOI'O COCTOSIHHUS.

HuccepraunonHas pabora E.A. KoBaneBoif 3aciymana u o6cyXIeHa Ha pacIIHpEHHOM

ceMuHape naboparopuu kBaHToBoi XxumMuu K CO PAH 12 oxt6ps 2016 r.
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