
OT3bIB
orrrroHeHTa Ha Ar4cceprarlr4ro Maxapona Barepzr Huroraesa'Ia <Onr'Icanue crpyrTypnrn< npenparuenufi

B OKCLTAaX XeJre3a [r ,urroMocr{JruKar€x, cocraBJurronryrx ilpl4po.4{ble |JII4HI4CTbIe Marepklulnbl Ha ocHoBe

oHeprernqecKoro [o.ryoAp), [peAcraBneHHylo Ha coLIcKaHIae yrdnofi crerleula lraLrltr4Rura (fusuro-

MareMarr,rrrecKr4x HayK no cneqlraJrbuocrn 1.3.8 - @usura KoH.4eHcI{poBaHHofo cocrotHlls

I

Arcrya.rrnocrb reMbr Arrcceprarl[u

[lr co:4arus noerx (pyHxrllloHanbHbrx Marepl,IanoB Ha ocHoBe HIuH neo6xoAul,to I43ytII'ITb B

rrepByio oqepeAb Blrr4n:nue Sraszuecrrzx BHeIrIHt4x sogAeficreflft ua Kpl'IcrannuqecKue crpyKTypbl

oKcr,rloB pr aJrroMogt4Jrr.rKaToB, cocTaBnsroqux ocHoBy |JII{H, paspa6orar6 MeToAI'IKy pacqeToB

gHeprerr.rtrecKr,rx cocrogn[ft KpulcrannutrecKl4x perrreroK oKcI4AoB vI aJIIoMocI4JIIrKaroB, pt I{x

rpauc$oprraquu flpu BHerrrHr.rx sogAeficrslaf,x. 3uepreruuecrrafi noAXoA flBlrflercs, nau6onee

rrpocrbrM z esoerruBHbrM [rr.'' aljraJwl3a rrpoqeccoB, [porrcxoAsrqfix B KpI{CTtUrnax Ilpll BHeIrrHr4x

eogAeficrnl4sx.

K OCHennrrM AOcTOIIHCTBaM SHepreTI,IqeCKOfO IIOAXOAa aBTOp OTHOCHT:

1. pacuer uonnofi 3Hepfilll B Kp]Icrilnnax oKaI'IAoB;

2. [crroJrb3oBaHr{e MaJroro KoruqecrBa fusnuecrzx xapaKTepl4crLrK (no cpaBHeHI'Irc c

MexaHIaqecKI{M I,I TepMoAI,IHaMI,IqecKIiIM no.qxoAauu) ;

3. Bo3MoxHocrb arraJrv3a cJroxHbrx o6sexros HccJIeAoBaHI,It, TaKLIx KaK rIpI4poAHbIe

AJIIOM OCIINUKATbI B MHOIOKOMNOHEHTHbX f NI4HAX ;

4. orcyrcrBl4e Heo6xo4urrlocrn Ir3roroBJIeHIrt

3KCnepr4MeHTilJIbHOrO UCCIeAOBaHI4S.

cnerllaaJlbHbrx o6pasqon p'nfl

Anrop ALrcceprarlkr!\ [rrfl orrvrcalyrfl crpyKTypHbIX rlpeBpalqenuft n Kpl'Icrannax oKcIrAoB xeJle3a

14 cJrorrcrbrx aJrroMocqJrr4Karax (uonruopuJIJIoHLITa 14 RaoIrLrHura) npu nos4eficrnuu CB9-nolx,

r{cnongyer gHeprerurrrecrufi rroAxoA. lloryueHnrre p*ynbrarbl aKTytuIbHbI !.Irfl pa-:pa6orrra

TeXHoJrOrr4ft nOlyreHrzr HOBbTX $yrmqzOUanbHblx MaTepuanoB. "!

B ocHoBe sHeprerr4qecKofo loAXoAa K onl{caHuro crpyKTypHblx upenpalleHl'rfi Jre}KI'IT

$oprr,rraponaHr4e MeroAuKu pacrrera IlocrotHHoft Ma4enyura Ava Ant KpI4cranJIoB c rerparoHanrnofi u

pou6ra.recr<ofi cunronlrefi, Koroparr r,rrpaer BaxHyIo ponb B rIoHI4MaHlIa ceoficrn I4 IIoBeAeHus

KpI'ICTannrIqecKI4X TBepAbIX TeJI. ilogrosnttax I'ktlle:ryttla -Be.ila{{1ina, cgn:lblsiuofiliul

3Jle6,rtrl{}c'f trLn,lecrclrii trorerillr{air r} I4olull,tx Kpl'1craJflx1{ecxx;K peru€rtca.< c 'trapaN'Ielpah'rfi

tr-p{4cra.Tx}J,l€cxoi,i ;:eurer:eN. B 4ncceprarlHonnoff pa6ore aBTop ptl3Bl{Baer HalpaBJIeHrIe, cBt3aHHoe c

rroBbrrrreHr,reM cKopocrr,r pactrera rrocrotnHblx Ma4enynra fi rlpeArlonaraer pa3pa6orxy HoBbIx

anropr.rrMoB pacqera c 6olee 6ucrpoft cxoAl,IMocrbro pflAoB nyreM ycoBepIrIeHcrBoBaHI'Is Mero.4a

XappucoHa.



Pacqer uocro.suHofi Ma4elynra [pr,rMeHLIM K cJIoxHbrM opfaHI4qecKI,IM coeAI,IHeHI{tM vr

rronprMepaM, qro cBr{AerenbcrByer o6 arrya;rrHocrl,I gToro HanpaBJIeHI,I.f,, fIpI,IMeHLIM KaK, gnx $usuxu

KoHAeHcr{poBaHHofo cocTotHllfl, TaK LI gna ne(prex:auuu u (paprvraqeBT}IKl4.

Cotepxanue padorrr

,{uccepraqrar BKJrroqaer e ce6s BBeAeHr,re, qerblpe uIaB6I, 3aKnroqeH[e, crrplcoK qurnpyeuoft

nr,rreparypbr, BKJrroqarourero 196 Har.rMeHoBauufr., u rpl{ npI4JIoxeHI4t. O6uzfi o6seNa 4krccepralJkrur

cocraBJrrer 134 crpauulr kI coAepx{ur 6I pucynoK I'I 17 ta6tmt1

Bo nneAenura o6ocHoBaHa aKTyanbHocrb reMLI LlccneAoBanux, Qopvynvpyercfl. uerlb I4

3a1aqv Ar{cceprarlzonnofi pa6orsr, e€ Hayunafl HoBLI3Ha I4 [paKTLtrlecrat IIeHHocrb, I{3JIoxeHbI

3 aquilIaeM ble no JIOXeHkrs u olucaHa cTpyKTypa AI{ccepTaIIn[.

B uepeofi rJraBe rrpoBo.Ur.rrcx o6sop nl4TeparypHbrx IrcrorIHI4KoB e o6racrlr uccneAoBaHr4t

oco6ennocrefi orcngoB rJrkruracrbrx MarepnurJroB rr crpyKTypHbrx rlpeBpalrleHufi n xpracraJlnax [pI{

pa3Hbrx Br{Aax $ueuuecroro nos4eficrnur (nucorar v Kpl{ofeuHat reM[eparypa, ynbrpa3ByK,

p a$var\nfl ,, sneKTp oM af HI,ITHO e nsnyreurae).

Bo nropofi rJraBe upone.4en nr,rreparypHruZ o6sop KJIaccIrtIesKI/rx I{ coBpeMeHHbD( MeroAon pacuera

nocro_sHuofi Magerynra r4 noKa3arra aKTyaJrbHocTb TaKax pacrleToB, rIyTeM ynyqlxeHHofo MeToAa

Xappucona AJUr Kpr{crrrrrJroB oKcr,rAoB c ry6uuecrofi, rerparonalrnofi u polr6rauecrofi cunrolj'vlfrrIvr

[p1a onpeAeJreHlr[ gueprurl uoHnofi cBfl3r4 B gJIeMeHTapHbx s.IefrKax KpucrarlnoB oKckIIoB. Anrop

oilpelenun, rrro gHeprerr,rrrecrcEfi rromoA K orrr4canl4lo crpyKTypHbD( IrpeBpaJrleHufi n rcpucramax oKclIAoB

rrpr,r BHerrrHzx sogAeftcrBrrfl( rrpr,rMeHzM K Ia3freHLIIo crpyKTlpHbx flpeBparlleHIaft e orcilnax xenBa [pI4

so:Aeficrszn CB!-nonefi. 3ro rroATBeplKAaerct peynbraraMll pacqera I'I sKcnepI'IMeHTa.

B rperseft rJraBe upoee4€n pacqer gHepndld a:rlT:aBulwlt tIoHoB B pe3yJlbrare a:raop$v&u\vtkr

sneMegTapgofi sqefiKu MoHTMopr.rJrrroHr{Ta s CB9-nore. llpone4€H aHaJII43 noJrfreHHbD( p$yJlbraroB I'I

cAenaH BbrBoA o rrpoqecce avop(fnsaqrur oneMeHrapHofi sqefi-r<u MoHTMopI'IrroHI4rae CBV-rore.

B .rern€profi rlane [peAcTaBneHbr pe3ynbrarbl KBaHTOBO-MexaHLIqecKoro pacqeTa 9HepD4I4

3neMeHTapgofi sqefirrl KaoJrr{Hr,rra e CBr{-rroJre c ucrroJrb3oBaHr{eM MoAenI,IpoBaIflI-s. pr3 IrepBbrx

rrprrHrlr,rnoB eneKTpouHoft crpyKrypbr Kpllcranna. Ilpone4en alraJrvrs nonyqeHHbx pe3ynbraroB LI

c.qenaH BbrBoA o6 orcyrcrBr,ru pa3pbreos cesgefi B gneMeuTapnoft sqeftxe KaoJILIHI4Ta.

B 3aKJIIOIIeHI{I{ cSopuynHpoBaHbl OCHOBHbIE BbIBOAbI NO PE3YNETATAM BbIIOTHEHT4S

Ar4CCepTaIIpIoHHOrO I{CCJIe.4OBaHpI'.

K ocnosHr,rM pe3ynbrtraM 1ucceprarlraoHHofi pa6oru, I4MeIorIrIM HayqHylo HoBIr3Hy, MoxHo

orHecrlr cneAyrolql,Ie:



1. Onpe4e.lreno, irro 3Hat{eHur sHeprrrr{ pronnofi cBfl3v AJII gneMenrapnoff s'aetrrxu MarreMura

MeHbrrre, qeM Anq reMarlrra Ir MarHerr,rra, cJIeAoBareJIbHo, nonurr,rop(pHble [peBpaIIIeHI4t MarHerI'IT-

reMarur - MarreMI{T Sueprerr{rlecK}r o[paBAaHbL Marafl. pa3Hl{qa B 3HarleHl{trx SHepfHI'I, yKa3blBaer

Ha ro, qro rroJrr4MopSnue flpeBpaTrleurrt Moryr ocyrqecrBnflTbcfl 6es pasprmoB xllMl4qecrux cssgeft.

3rcnepuueHTrurbHbre r{ccJreAoBaHrar (nos4eficre[e CB9-nons Ha ArIcflepcHble qacrllubl oKcI'IAa

Ne.nea a) rroATBepAI,Inu pe3ynbrarbl nporHo3l4poBaHl'It.

2. Buepnue uccneAoBaH Lr orrncaH c noMolrlbro sHepferr,IqecKoro noAXoAa npoqecc

alrop$usaquu Kplrcrannuqecrofi crpyKTypbl MoHTMopI{JIJIoHI{Ta e CB9-nore. On rIo3BoJIIrJI

orrpeAenr{Tb oHepfrdr.r atTvBar\vu, neo6xoALIMbIe g'nfl KaxAoro oralra alrop$usaqzra

MoHTMopunJroHr4Ta. Onpe4eleno, rrro nau6olee gHepro3arparHblM tBr.serct uerneprrrft STan

alrop$z:aq Lrrr, T .K. ou rpe6yer pa3pbrBa He roJIbKo I{oHHbrx, Ho l1 KoBuIJIeHTHbrx cssgeft.

3. Ycueurso npoBeAeHo ycoBepmeHcrBoBaHr4e MeroAa Xappucona Ans pacqera rIocrotHHbIX

Ma4elynra, neo6xo.4r4Mbrx Anfl oflpeAerrenvrfi. guepfrlrl raonnoft cBfl3u B SJIeMeHTapHbIX .sqefirax

KprrcrannoB oKcrrAoB c xy6uuecroft, rerparonamnoft ra pona6u.recxofi cprnronvInv'vt.Ilpone4en pacudr

rrocro{HHbx Ma4enynra Anfl oKcrr.uoB c rcy6u.recxofi u rerparoH€Inurofi cranroulaefi, BXoA.flrIIzx B

xrrMuqecKqfi cocras MoHTMopr.rJrJroHr4T coAep)Karuefi rnunrt. Pa^:pa6orana [porpaMMa Ans 3BM,

BbrlorHqroqas pacqer rrocro-sHHofi Ma4enynfa Ant KpI{craJInoB c rerparonalrnofi crlnronzefi.

4. Onzcan npr.rHrlr4n nog6opa nor<asarereft Bopua, neo6xo.4raurx Arlr pacrlera sHepfnfi

cBr3r,r rroHoB (Si +4 , Ti +4 , Fe 2+ , Fe 3+ ), BxoArrrprx B x[MI4qecKI,Ift coctas oKcI,IAoB

MOHTMOpI{JIJIOHI,ITOBOfi ruUnrr.

5. BrrnolneH KBaHToBo-MexaHzqecrufi pacrrer gHeprLII4 AJIx SJleMeHrapnofi gqeftxu KaonIzHI'ITa

e CBq-noJre c [cnoJrb3oBaHr,reM MoAenr.rpoBaHlrt ab initio gJIeKTpoHHofi crpyrtypbl Kpl4cranna.

floKa3ano, rrro B Kpr4cranne KaoJrprHr{Ta e CBrl-uore He npol{cxoAllT pa3pblBa KoBaJIeHTHrrx cesgefi.

O6ocnonaHHocrb rr AocroBepHocrb HayrrHbrx rloJroxeHnft, nrrro4oB rr peroolrenAarluft,

cSopnaylupoBaHHbrx B Arrcceprarluu, o6ecle.rlrsaroTct KoppexTHocrbro rIocTaHoBKu IIenI4 I4 3aAaq

vccrenoBa1vq, KoMrrJreKcHbrM rroAXoAoM K I,IX perueHl,Ilo. fiocronepHocm npeAcraBneHHbD( B

Ar4ccepraur4ounofi pa6ore pe3ynbraros o6ecreqeHa BbIcoKI4M ypoBHeM pa:pa6orannrrx

MareMarr,rqecKr4x uoAeleft, r4crIoJrb3oBaHI,IeM rocrLIpoBaHHbIX v aupo6uponaHHblx MeroAtIK

Lr3MepeHrr.rr, rpuMegeHrreM KoMlbrorepHbrx MeroAoB alaJrkrga u o6pa6orKl'I SKcnepI4MeHTaJIbHbx

Ianusrx. Marepuanrr Ar{cceprarluu 6rtnu ony6rurronaHbl B 18 ue'rarulrx pa6orax, ue roroprrx 3

crarbra B peqeH3zpyeMbrx HayqHbrx xypHanax, I{HAeKcI4pyeMbIX s 6a3ax AaHHbx WoS eI Scopus, 3

c,Turbr4 u3 ilepeqHr peKoMeHAoBaHHbrx BAK, 1 celaAererbcrBo o rocyAapcreeHHofi perl4crpauupl

rporpaMMbl ans 3BM.



Hayunan 3HarrrrMocrb rr npanTurrecKaff 3Harrr{Mocrb Arrccepralluonnofi pa6oru

3aKJrroqaercq B ToM, rrro pe3ynbrarbr npone4ennbrx I,IccJleAosaHzft BHoctr BKnaA B pa3BI4TLIe

sHepreTr.rqecKoro rroAXOAa rrpfi orrkrcaHvrkr I{ npofHo3klpoBa],ilklu cTpyKTypHbIX llpeBpa]J]s.nvfi B

Kpr4crannax oKcr,rAoB r.r turroMocr,rflr4KaroB, npupoAHblx |JII{H, npu noa4eficrBzll CBq-nong.

flpe,4noNeHHbre aBTopoM Ar{ccepTaU[LI MaTeMaTI,IqecKI4e MoAeJII{, rIo3BoJUIIoT ocyqecTBntrb

KOMrIbrOTepHOe MOAenUpOBaHI,Ie napaMeTpOB KpUCTannOB OKCIIAOB kI IIJIIOMOCIIJIIIKaTOB' a

paspa6oranuaa [porpaMMa Ans 3BM rro3BoJlter paccql4TblBarb llocroflHHble Ma4enyHfa AJIfl

Kpr,rcTannoe c xy6uuecrofi, TeTparouanrnofi pt c pOlt6uuecrofi cnnrouuefi.

Pacqe6r esauNaoAeft crB:lrfl. Kpr.rcraJlnoB MoHTMopIrnJIoHIrra u KaoJIr4HlITa c CBr{-nonevr

rieo6xo.4uurr AnA r.rccreAoBaulrs Lr paspa6orrra texuonorufi rrpIa npopl3BoAcrBe HoBbx

$yrxquona;rbHbrx Marepv anoB c r.rcrroJrb3oBaHl4 eM MllHepanbHbrx pecypco B crpaHbl

3aivre.ranne rro Arrccepraur{oHHofi pabore

1. pa:vrepri4ra$parrorpaMM, rrrrpr.rx-4ra(fparrofpaMM (crp.73,78)rrpkrcyHKa 3.11 oqerrlMarlbl-

rrJloxo p a3 rI{rII4Mbr qIl (f po nue o 6 os n a'reHI'Is.

2. MeroA XappucoHa-Crr.r€sa aBTop rrpuMeHlln 4la pacu€Ta rlocrotnnofi MaAeJIyHra Ant

MarreMr{Ta c ry6zuecroft cprnronueit, a B rlpunoxelauu 2 paccMarp[Baerct KpplcranJl]lqecKat

crpyKTypa oKcprAa rvrana. flo eceft Br.rAI{MocrLI 9To rIp}IJIoxeHue paccMarpl{Baerct KaK

rpI'IMep.

3arcmoqenne

oasaxo 3aMeqaHr.r-fl He rroABepraroT coMHeHLIIO IOCTOBepHocTb nonrIeHHbIX B

Arzcceprarlr{ogHofi pa6ore gKcrrep[MeuTi]JrbHbx LI Teoperl,IqecKkIx pe3ynbraron. flpe4craBileHHa,I

pa6ora .4ocrarorrHo [oJrHo orpaxaer rleJr6, saraqv LI coAepxaHl{e Aucceprarlvtv. Pa6ora flpoilna

cepre:nyro anpo6aquro B AoKnaAax ua rou(fepeHul4tx, crarbll ony6maxonaHbl B errcoropefiTl4HroBbx

x{ypHanax. O6:sdrvr u o(poplrneHl4e AllccepTaIfr4lr He BbI3bIBaeT saMe'IaHLIft. $'

[uccepraqrroHHar pa6ota Marcapona B.H.. ssInoJIHeHa Ha BbIcoKoM HayqHo-MeroAI'IqecKoM

ypoBHe I4 IIpeAcTaBI-ser co6ofi s anepureuno e HayqHoe I'IccJIe.4oBaHlIe.

llo paspa6oraHHbrM HayqHbrM rroJroxeHl{-uM, IIeJI'M, 3aAarIaM, coAepxaHHIO, MeroAaM

vrccne1oBalLrs. yr nayunofi HOBr.r3He AI,ICCepTaIIUOHHax pa6ora <Onucanrae cTpyKTypHbx

lpeBparrleHilfi s oKcuAax x(erre3a r,r aruoMocl4Jll4Kar€x, cocraBJulrolllflx npupo.4rble |JII4HLICTbIe

Mareprzanbr Ha ocHoBe oHeprcTl4qecKofo [o.e(oAa), npeAcraBnennas:rra coucKarrl4e yr6nofi crerleHl{

Karr[nrara(pusvro-uareMarr4trecK]rx HayK no crreqfianbHocrpl 1.3.8 - Orzsuxa KoHAeHcI4poBaHHoro

cocroflHrarr yAoBnerBoprer rpe6oBaHurM u. II. 9 flonoxenrafl o rrprrcyxl,enhrLr freHblx cteueneft,

a aBrop Aucceprarlrrr Maxapon Banepufi Huronaesru, 3acnyxllBaer rlpucyxlLelH:1'A yteHoft




