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o Q uqu a,uuoro onrroH eHTa H a Ar4 cceprarlr4 ouHyro pa6ory

Maxapona Banepux Huroraenu.{a (Orr4caHrre crpyKTypHbx rrpeBparrleuufi e oxcraAax xeJre3a r4

aJIIOMOCI,InI4KaTaX, COCTaBJUIIOUITX IIpr4po.rytble TnUHUCTbIe MaTepIIaJrbI Ha ocHoBe SHepreTur{ecKofo
rlorxoAa>), [peAcraBneHHylo Ha collcKaHue yu€uofi crerreHr4 KaHAr.rAara Qu:ulco-uareMarr.rqecKr{x HayK

rro cneurlaJlbHocrl{ 1.3.8 - @ltsvxa KoHAeHcr4poBaHHofo cocrorur4t

lnccepraqlzoHuar pa6ota Marapona Baneprax Huroraesn.ra rroBerrleHa orrucaHl{ro

orpyKTypHblx upeeparuenufi B oKcI4Aax xene3a H aJrloMochnuKarax Ans co3AaHrrs HoBbrx

SyururaouanbHblx Marepl4anoB Ha ocHoBe fJrr4H. Llzyueuwe fJu4ur4crbrx Mr.rHepanoB u

rlporHo3l4poBaHl4e ux (pu:uuecxux ceoftcrB npeAcraBrrrercr aKTyanbHoft n nerpunualrsofi zagaueit,

rpe6yrcu1efi pa3BLITIze HoBbIX Mero4oB r{ccreAoBaHr4s. 3assreuHrrfi aBTopoM Ar.rcceprarlu}r

gHeprcruqecxuft uoAxoA rrpeAcraBrs.ercfl, eS$ercrrznnbrM r{ xopotrto aupo6uponaHHbrM MeroAoM

Teoperl4r{ecr<ofi $n:uxll, rloKa3aBruufi csoro oS$exrunuocrb Ans peureHr.r{ ofpoMHoro qucra 3aAalr.

flolyueunue pe3ynbrarbl BecbMa aKTyaJrbHbr r,r Moryr n Aalruefimena 6trrs [cnoJrb3oBaHbr Nrs.

pa:pa6orru rexHoJrorufi uolyuenfi.rr HoBbrx (fyurcqraouanbHbrx Marepr{anoB.

Cogepxauue padoru

,{raccepraqnt cocrol{T I,I3 BBeAeHIl.g, qerbrpex rJraB, 3aKJrrorrenprg., cIII4cKa IlvrrdpyeMoft ruEteparyprr,

BKJlloqarcruero 196 Har.rMeHoBauuit, u rpr{ npr4JroxeHr,rr. Pa6ora ra3JroxeHa ua I34 crpaHr4rlax reKcra,

coAepxelT 61 pucynox u 17 ra6rrutl. Tercr Ar{cceprarlr4u HarrvcaH AocraroqHo r{erKo 14 flcHo, TaK rrro

pa6ota, Aaxe HecMorpt Ha HeKoropoe Kort4rrecrBo MeJrKrdx oleqaroK u omu6ox B corJracoBaHrar{

npeu€n Lr poAoB, JrerKo 14 c r4HTepecoM rrr.rraercs.

Bo BBegeHlrr.r Aaloa o6rqar xapaKTepr4crr4Ka Ar4cceprauuossofi pa6oru, o6ocnoeaua

aKTyanbHocrb nu6pannoft TeMbr, o[peneneHa rlenb uccle4onaHr.rft, rocraBJreHhr 3ap.ara.

C@opvrynupoBaHrl HayqHble rto,rlo]Keulrs, BbrHocr{Mbre Ha 3aulirry, a raKxe npprBeAeHbr deeAeunq

o6 anpo6arlur,r Arrcceprarlr{oHHoft pa6oru, ee crpyKType ra o6reue.

Ilepnan rJraBa Arrccepraur{[ [ocBsruena o6sopy Jrr,rreparypbr, a raKxe rrocraHoBKe 3aAaq

r4ccneAoBaunft. O6gop nr.rreparypbr oxBarbrBaer Blerrarrflrorqee KoJrrrqecrBo pa3ubrx Marepr{aJroB,

rroABeprHyrbrx pa3nr4qHbrM $usuuecruN4 nosAeftcrBuqM. llo4po6uo o6cyx4arorcs zccreqoBanvrfl

oco6euuocreft oKcr4AoB kr aJIIoMocI,IJIrzKaroB, cocraBJrrrorl[x frrl4Hr4crhre MIrHepaJIbI, 14 ux

crpyKTypHbre npeBparueHr4s. K HeAocrarKaM 3Aecb MoxHo ornecrr4 ToJrbKo ro, irro rcnio.renofi pa3Aen

1.1, rAe o6cyN4arorca pa3nur{Hbre troAxonbr x Snruuecruru r4ccJreAoBaHr,rsM, coAep]Kr.rr Bcero

HecKoJrbKo ccbrnoK Ha Jrr4TeparyPY, .rro npeAcraBnfl,eTcs, HeAocTaToqHbrM.



Bo nropoft ruIaBe npone4€n rparxr.rfi nrrreparypHrul o6:op KaK KJraccuqecKlrx, TaK vl

coBpeMeHHbD( Mero,qon pac.r€ra nocrosHHbD( Ma4erryura. Onpe4eneHbr gHepruu zonnoft cBf,3lr B

3JreMeHTapHrx gqefixax oKcLIAoB, BxoArrrrx B xr4Mr.rqecKr4x cocraB MoHTMoplIJInoHrIToBbD( rJrr.IH, c

lIcIIOJIb3oBaHUerrr ivro4r,r(p[rlr4poBaHHoro MeroAa XappucoHa Nrfl Kpr4craJrroB oKcr.rAoB c ry6nuecroft,

TerparoHaJlbnofi u porrr6nuecxoft cunronu.mran. Anroponr [poAenaHa 6omruaq pa6ora rro AeranbHoMy

aHaJILI3y MeToALIK pacuera lr ocraBrxuxcs upo6neu B o[peAenenr.ru uocrosnuoft Ma4enyura

pa3nl4rrHblx Kpl4craJrnr{qecKr{x crpyKTyp. 3aperucrpvrpoBaHa HoBarr noJre3Harr [porprrMMa ans 3BM

rto pacqery nocro.flHHbrx Ma4eryura u flpoBeAeHo cpaBHeHr.re [onyrreHHbrx pa3HbrMr.r MeroAaMr4

pacqerHblx gua-{eul4fi c gKcnepuMeHTaJlbHbrv,tr v [oJryqeHHbrMr] rrpr4 MoJreKyJrspHo-Ar.rHaMuqecroM

MoAenllpoBaHvru. Tar< 6:r,ttu paccMorpeHbr crpyKTypHbre npeBparrleHr,ur B oKcr,rrux xeJr%a npu

eo:4eftcrauz CBrl-nonefi v orrncaHa MeroAprKa rrporHo3r4poBaHr.ur crpyKTypHbD( upenparqeuzfi B

KprrcraJ[rax oKcLrAoB ilpr{ BHerrrHux sosAeftc"rsuqx.

Hecromro KoMMeHTap :aeB lrsaMe.raHvft no orofi qacrLr'.

o B pa6ore He Ao KoHrIa pacKpbrr Kpr4crannorpa(pz.recnnft acnerr: KaK BBeAeHua.fl aBTopoM

Marpr4rla KoMrraKTHofo oTrveaHufl Kpr4cranJrr{qecKoft crpyKTypbr cBfl3aHHa c Apyrr,rMr{

TpaAr,rrlrzoHHbrMr.r MeroAaMr.r Kpt4crannorpa(fuz. Taxxe He oqeBr4Ana ee rlHTeprrperar\vfl,

Hanpr4Mep o rreM roBopflT Te vrru r4Hbre cxeMbr Bu3yurv3arlr4r4 MaTpI{q ilpeAcraBJreHHbre Ha

Puc.2.l0 crp 60. floerouy Aamnefiruee [crroJrb3oBaHr.re Marpr4rlbr KoM[aKTHoro onr4caHur B

ypaBHeHr{flx (2.60) u (2.6I) rpe6yer or qurarers co6crnenHbrx BbrKrraAoK.

. o He scuo HacKoJrbKo roqHa (foprr,ryna BopHa-Jlaurc (2.36) (uanpurr,rep, trptr Bbrrrr,rcJreHr.ru

loKa3areJlg Eopua) I,I HacKoJIbKo ror{Ho B cBg3H c 3TI4M l4Meer cMbIcJI BblrrrlcJlgrb rrocrorHHyro

Ma4enyura?

o IIpn cpaBHeur4r.r pacqerHhrx AaHHbrx c gKcnepprMeHTitMr4 e Ta6rrqe 2.7 na crp. 65 ire Aanrr

lorperxHocrr4 SKcnepilMeHTaJrbHbrx AaHHbrx, trTo saTpyAlF.fleT anuru3 pacxoxAeHr{s Teoprrr4 c

sKcnepr4MeuToM. flpu erou [onyqeHHbre pacxo]KAeHrrr B HecKoJIbKo oZ s ffo6oM cnyqae

npe,{cTaBn{}oTcf AocTaTorrHo MaJIbrMLr.

o Xoqercs oco6o orMerr.rrb co3AaHr4e HoBofo nporpaMMHoro [poAyKTa c rIoJIb3oBareJIbcKIrM

uurep(peftcorra. llpu groM B Ar{ccepraunu npaKTtrqecKu Her cBeAeHr.Irr o cttMoM r<oge. Xopouefi

o6rqer"ponofi nparrurofi snrtsercx ny6nHrarlnfl, co3raHHbrx HeKoMMeprrecKr4x nporpaMMHbIX

KoAoB Ha cepBucax Bpore GitHub.com

B rperrefi rJraBe orrrcaH npoqecc arraopQusaqvru (nepecrpoftxz) sreueurapuoft s.IefiKu

MoHTMoplrJrJroHrrra e CBY-nore. ,{vccepraHToM npoAeJraHa 3HaqlareJlbHa.r gKcnepuMeHTaJlbHaxpa5ora

c nocneryrcrqrlM AeraJrbHbrM oneprerr{rrecKr,rM aHaJrra3oM floryqeHHblx pe3yJlbraros. BH.qereHHbIe pI



Bn3yurr4supoBaHHble 4 craIivu AerpaAaurrn crpyKTypbr MoHTMopr{JrJroHr.rTa npeAcTaBrsror

6e:ycroeuuft uayvurrft n norenqua-nruuft [paKTur{ecxufi uHrepec.

He scuo Bo3MoxeH JILI 3.4ecb AononHlzTemnntfi y.r€r exrala B gHeprtEro BbrxoAa rzoHoB or AurnbHr.rx

KOOpAI{HaIIHOHHbIX C$ep arOUOB, HarrpuMep rrpu nOMOTUH napaMeTpon no4o6nux nocrognuofi

Ma4errynra?

rlernepran rJraBa nocBsuleHa KBaHToBo-MexaHrzqecKoMy pacqery gHeprr4r4 gJreMeHTapuoft sraeir<u

KaoJILIHura e CB9-noJIe c ucnorb3oBaHr.reM MoAenr{poBaHr,rfl r43 nepBbx npr.rHrlr{rroB elexrponHofi

crpyKrypbl Kpllcranra. llepeouprlHrrr4nHbre pac.r€ru naKeroM Quantum ESPRESSO c y.rerona

KorllqecrBa cAenaHHblx .qonyrqenrafi o reMrreparype n6rnsn a6coruoruoro HyJrs, calroft

Teoperl4qecrofi uoAerr{ rr [por43BoJrbHocrr4 opr{eHTarl[r{ BeKTopa gneKTp[qecKoro rroJrr, no MoeMy

MHeHLIIO, BPg.q IU IO3BOJI{IOT TOBOpI{Tb O HaAe}ItHbIx KOJII{r{eCTBeHHbIX SHepleTI4rIeCKIAX

xapaKTeplrcrlrKax, Ho Aaror orreHb xopouyrc rznJrrocrpaur4ro rrpoucxoAsrrlrlx snreu[ft. B uacrHocrn,

MaJIoro BJrLrflHprfl, CBr{ nonq Ha Kpr.rcrannr4r{ecKyro perxerKy u cumHofi 3aBrrcr4Mocrra or opr,reHTarlr4r4

BeKTopa gJreKTpoMafHr4THofo rroJrfl. B pesymrare analwl:,a pe3yJrbraroB cAenaH BbrBoA o6 orcyrcrnura

pa3pblBoB KoBaJIeHTHhIX u rIoHHbIx csssefi B gJreMeHTapnofi sqefixe KaoJrnHr{Ta. Bne.rarrset

npoAeMoHcrpr4poBaHHair pa3Hr{rla cnoftcrn Kpr{craJrJroB KaoJrr.rHr.rra r4 MoHTMopr,rJrnoHrrra, o rreM

oco6enHo trpKo cBr4AereJrbcrByror AaHHbre KaJropuMerpr.rrl (pnc 3.11 u puc.4.5) lonyqeHHbre

3KCnepr.rMeHTaJrbHo.

B 3aKrrorreHuu cQoprr,rynupoBaHbr ocHoBHbre BbrBoAbr u pe3ynbrarbr Arrcceprarluouuoft

pa6oru. AnropeQepar AocraroqHo rroJrHo orparaer ocHoBHoe coAepxaHr.re Ar,rcceprarlr4r.r.

B pesyJrbrare rrpoBeAeHHbrx aBTopoM r.rccreAosanuir 6stm lonyr{eHbr cJreAyroqfle HoBbre

pe3yJrbTaTbr:

L Buepnue c rroMorubro pacrreroB gueprr4ft srer\leHrapHbrx rqeeK MafHerrrra, reMarlrra r,r

MafreMr4Ta, [crroJrb3yr yrry.rmeHurrfi MeroAa Xappucona, cuporHo3r,rpoBarra nosMbNHocrr

nonrarraop(fHoro [peBparrleHprs B oKcr{Aax xeJre3a rr.rna MarHerur (relrarHr) n naarreMr{T B CBq-uone.

2. flpu uonorqa oHeprerr.rqecKofo ro.4xoAa BnepBbre onrrcaHbr 4 cra4uu arraopSusaquu

Kpr4crannrr.recKofi crpyKTypbr MoHTMopr.rJrJroHr{Ta s CBr{-none. flora3ano, rrro nau6olee

oHepro3arparHbrM ABrflercs uerneprrrft grarr, TaK KaK oH rpe6yer pa3pbrBa He roJrbKo r{oHHbrx, Ho r.r

KoBaJreHTHHx cssseft.

3. 'YconepureHcrBoBaH MeroAa Xappucoua [ilfl pacrrera nocrosHHbrx Ma4eryHra u

onpeAeJreHr.rt gueprrru uonuoft cBs3r4 B 3neMeHTapurx gqefirax Kpr4craJrnoB oKcr,rAon c ry6uuecroft,

TerparoHaJmnofi n pou6uuecxofi cuurouvrsMtl llponea€H pacuer rrocrosHHbrx MaAeryura Ars

oKcr.rAoB c r<y6nuecroft lr rerparouamuofi cunrouuefi, BxoAtrqux n xfinaa.recxnft cocraB

MoHTMopr{uonuroeofi urrrHbr. CosAaHa rrpofpaMMa a.ns 3BM Arfl pacuera flocrotHHux Magenyura

Ans KptlcranJroB c rerpafoHanluoft cuurounefi.



4. Onucas npr4Hrlr{n no46opa rroKa3areJreft Bopua, Koropbre ueo6xoAnrrabr Anfl pacr{era sHeprlrn

vossofi cBfl3u r{oHoB (Si*4, Ti*4, Fe2*, Fe3*), BxoArxrr4x s xuN,rr4.recrafi cocraB oKcrrrAoB

MoHTMoprrrrJroHrrroBoft ruranrr u pacnpocrpaHeHbr B ApyrHX B[Aax fJrr.rH.

5. BuuorureH KBaHToBo-MexaHnqecxufi pacr{er oHeprr{rl,{ns gJreMeurapnofi sqefiru KaoJruHr.rra

e CB9-noJre c r4crroJrb3oBaHrreM MorennpoBaHur ab initio oJreKTpoHHofi crpynrypbr Kpr4cranna.

flora:aHo, rrro B Kpr.rcranne KaoJrr4Hr4Ta e CB9-nore He rrpor4cxoAlrr pa3pbrBa KoBaJreHTHlx cuseft,

qTo npr4Hrlr4lruar.rbHo oTJruqaeTcf, oT c.lryr{ar anropsrasaql4l4 MoHTMopI4nnoHLITa.

[ocronepuocrr u odocuosaHuocrb rrpeAcraBJreHHbrx B Ar{ccepraquouuoft pa6ore

pe3yJrbraroe o6ecue.{eHa BbrcoKr.rM ypoBHeM paspa6orannsx MareMarr4rrecKr.rx uo4erefi,

r4crroJrb3oBaHr4eM focrr4poBaHHbrx u anpo6upoBaHHbrx MeroAr.rK r43MepeHrrr, [pr{MeHeHrreM xopotrro

Lr3yqeHHbrx r{rrcJreHHr,rx MeroAoB aHarr43a u o6pa6orru gKcnepprMeHTaJrbHbrx AaHHbrx. flo

pe3yJrbraraM pa6our ony6ruronauo 18 ne.rarHrrx pa6orax, I43 Koropblx 3 crarsz B perleH3lzpyeMblx

Hayqnbrx xypHrrnax, LrHAeKcr.rpyeMbx n 6asax AaHHbrx Web of Science a Scopus, 3 crarsu uz

reper{Hr peKoMeHAoBaHHbrx BAK v 1 cerAererbcrBo o rocyAapcrseuHofi perncrparlna nporpaMMbr

anq 3BM.

[parrnuecraa v reoperuqecKas 3HaqrrMocrb Ar.rccepralluonHofi pa6out cocrol4T, B

qacTHocTr4, B pa3BuTkru gHepreTurrecKoro IIoIXoIa 1J'nfl onucallufl u npofHo3I4poBaHI4I{ cTpyKTypHbIX

npeBparqeHr4rx B Kpr4cTannax oKcr.rAoB a aJrroMocprJrlrKaToB, cocTaBJI.sIoIIux ocHoBy [pupoAHbIX

fJrr4H, rrpr4 Bo3Aeitctsuu CB9-nols. llpe.unoNeHHbre u rvrogu(fuqrrpoBaHHble aBTopoM 4uccepra\vu

MATCMATHIIECKI,IE MOAEJII4, NO3BOJI'IOT OCYUECTBN'Tb KOMNbIOTEPHOE MOACNI{POBAHIIE IAPAMCTPOB

KprzcrauroB oKcIrAoB, r,rcilorb3yq BBeAeHHbre Marpr4IIbI KoMrIaKTHofo onvIcanr4g. v 6agonrtx

Kpr{cranJrnrrecKr4x crpyKTyp. Pacqeru egal4N.{oAeficrBus. CB{-nonefi c KpIacraJIJIaMIi

MoHTMopr,rJrrroHr4Ta n KaorrlrHura cnoco6crByror pa3BI,ITIrro HayqHo-I4ccJleAoBareJlrcrofi 6ass rls.

pa:pa6orxuTeXHoJIoI[ilcozIauug'HoBbIX$yrrr<quouarrbHbIXMaTepI4anoB.

3arcmoqeuue

B qelou Ar4cceprarlrrr ocraBJr{er orqyueuue 6omruoft pa6orbl, npoAelauuoft ALIccepraHToM c

coaBTopaMr4 Ha BbrcoKoM HayqHoM ypoBHe r4 BrJlroqaroruefi aHaJII,ITI4qecKrre MeroAbI, co3AaHple

npofpaMMnbrx npoAyKToB, 3KcrrepnMeHTaJrbHbre I{ccneAoBaHkrs. o6pa:qoe, nepBonpLIHIII4rIHbIe

pacvertr r4 AeranbHstit alnattuz 6oltruoro qLrcra nl4TeparypHblx IrcroqHI{KoB. Bce ero BMecre c

noJryqeHHbrMr4 pe3ynbraraMr{, r4Merourt4Mu 6erycroBHylo HayrIHyIo IIeHHocrb I4 [oreHlll,Ia-uurufi

IIHTepec AIIfl kIX flpaKTl,IqecKoro IIpxMeHeHLIfl, IO3BOJLflIOT AaTb ALICCepTaIIuu CaMyIO BbICOKyIO

oueHKy.

CAelauuue rr.rsofi 3aMerraur4fl n peKoMeHAaqr4I4 He yMeHbIIraIor nayunofi 3HaqlrMocrl{

Aucceprarluosnoft pa6orrr Mar<apona B.H. <Onvtcanue crpyKTypHbIX npeBpalqeuufi B oKcHAax




