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HurotaeBHbr Ha reMy : <(DoprvuapoBaHze roMoreHHbrx MarepLIaJIoB cocraBa

MgFe 1 .6G€[.4Oa)), npeAcraBlesHofi Ha cor4cKaHue yrreHoil creueHu Karr4u4ura

xrlMrarrecKnx HayK rro cnerlr4€LrrbHocrr4 02.00.2I -xvrv'vrfl. rnepAoro reJla

TBepAOTO TeJra

|OMO|EHHbIX

,{ucceprarlLroHHa.rr pa6ora M.H.Cvrupnonoft orHocl{Tc.fl x obracrvr xvMvrr4

14 cBq3aHa c pa:pa6orrofi MeroAa HarlpaBneHHoro cLIHre3a

ropollrKoo6pasnux varepuzutcin cocraBa MgFe1.6Gao.+O+ Lr

rrJreHoqHbrx cTpyKTyp Ha LTx ocHoBe Ha IIO,IIJIOXKAX

MZKpOSIeKTpOHHO|O KaqeCTBa Anfl yCTpOLtCTB CII4HTpOHI{KLI.

rrJreHorrHbrx crpyKTyp Sepporr,rarHerr{K-rronynpoBoAHHK {Brf,ercs

KpeMHH.rr
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[epcrreKTr4BHbrx HarrpaBneHr4fi MaTepr4ElrroBeAeHr4r, TaK KaK KoMoLrHarIHt

[onyilpoBoAHr4KoBbrx aKTr{BHbrx KoMrroHeHToB kr fraccvrBHbrx 3JreMeHToB Ha ocrioBe

TIJIeHoK Seppuron rro3BoJrr,rr co3AaBarb ycrpoficrea c xapaKTepurcrvKaMur,

HeAocryrIHbIMr4 coBpeMeHnofi uuxpogJreKTpoHrrKe. B csssu c orr4M aKTyaJrbHocrb

ALrcceprarluosuofi pa6orrr M.H. Cuupnonofi He Bbr3brBaer coMH erruir,.

Crpyrcrypa Auccepraquu rpaAlrrlr4oHHa. Ona srrroqaer BBeAeHHe, Tpv

ocHoBHbIe rracrpr (o6sop nr4Teparypbr, oKcrrepuMeHTaJrbHafl qacrb, pe3ynbrarbr r4

r,rx o6cyx4eulae), BbIBoAbr, crrucoK nrareparypbr r,r3 I87 :naurvrenoeaHzfi. Pa6ora

r,r3JrolKeHa Ha 131 crpauuqe, coAepx(ur 57 pr4cyHKoB u 20 ra6tulq.

Bo sneAeHun o6ocHosaHa aKTyaJrbHocrb reMbr, c$opvrynupoBaHbr rlenb r4

3a4a,uv pa6oru, HayrrHas HoBrr3Ha z npaKTr4qecKa{ 3Haqr4Mocrb r4ccJreAoBaHrr-f,,

npHBeAeHbI ocHoBHbIe rroJrolKeHr4r, BbrHocHMbre Ha 3auILrTy r{ oxapaKTepr{3oBaH

ruqHufr BKnaA aBTopa.

B nepnofi rJrase npeAcraBreH o6sop Jrrrreparypbr, rcoropufi cocror4T pr3

4-pas4enoa. B uepeoNa pa3.{ele [pr.rBeAeHbr KparKr4e cBeAeHkrfl. o Marepraarrax,

Koropble l4crlonb3ylorc-f, B crrLrHTpoHHbrx ycrpoficreax. CpaBHr4TeJrbHHfi auartzs

xapaKTepHcTr4K SeppovrarHerr4KoB HA OCHOBE MET€UIJIOB MA|HI4THbIX

[onynpoBoAHI{KoBbIX Marepu€uroB, rro3BoJrr.rJr aBropy csopvrynupoBarb Kprrreplrr4

BbIOOpa HoBbIX COCTaBOB vI CTpyICyp, .[BJItK)IqI4XCfl nepCneKTLIBHbIMI4 Ana

pa:pa6orrcra HoBofo KJIacca MarHlrro3neKTpoHHbrx ycrpoficrn. Bropofi pasaen

ocBqrleH aHaJru3y MeroAoB crlHTe3a Seppraron r,r ApyrHX oKcr{AHbrx noporxKoB.

llpu srola oco6oe BHHMaHI4e yAeneHo MeroAy cxrr4raHus feJr-a, KaK oAHoMy r43

nau6olee nepcrIeKTI,IBHbIX Anfr nonyrreHr4q oAHopoAHbrx HaHorroporuoB. B

TpeTbeM pa3Aene paccMarpr,rBaroTcr Mero,4br co3AaHpr{ feTepocTpyKTyp Ant

cnr,rHTpoHr{KH v aBTop

roporxKoo6pasurrx Marep

Qopuynupyer rpe6oaauux K KaqecrBy LrcxoAHbrx

I4€uroB. B .rerneprofr" sarnroqlrreJrbnofr .racrz o6sopa

rll4reparypbr, aBrop no4po6Ho paccMarpr.rBaer crpyKrypy u cnoficrna Seppur-

IrrIII4HeJIefi u axqeHTrrpyeT BHI4MaHr,re Ha oco6eHHocrqx p€I3[r,rrrHbrx rro cocraBy

rrrrruHeJleff , orpaHzrruBaro[Iux r{x npaKTl4rrecKoe ucrroJlb3oBaHue.



-
J

Pesylrrarovr o6:opa nuTeparypbr rBIrflercfl. o6ocHosaHlle aKTyaJIbHocrrI

pa6orrr, ee qerefi vsaraq.

Bo nropofi r"uane no4po6no orucaHbr 3KcnepHMeHT€LIIbHbIe IlccneAoBaHnfl,

ro cr4Hre3y rlopolxKoo6pa:nofi $eppuronofi uIIII4HeJIII MgFe1.6Gao.qOq.

OcnosHrrM cr,rHTerLrrrecKuM MeroAoM aBTop nu6pan MeroA cxLIraHHtr lenefi, rar

uau6onee yAoBnerBopxroqufi 3aAarraM pa6oru. 3ra craAvrfl. cr4rTeea no4po6no

orrr4caHa B Ar4cceprarluonnofi pa6ore 14 aKrIeHTbI c.4eJIaHbI Ha o6pasonanuu

lonvMepHofi crpyrcrypbr lelefi, 3a cqer SopuupoBaHvrfl. pa3BerBneunofr cucreMbl

BoAopoAHbrx ce.f,sefi c yqacrl4eM NH3*, COO-, NOI- -rpyilr BeIrIecrB-

BoccraHoerarelefi r4 MoneKyn BoAbr. 3ro o6eclerll4Baer roMoreHHocrb KoHerrHoro

rrpoAyKra. OcnonbrBa.rrcb Ha pe3ynbrarax ACK-T|, aBrop paccr{I4r€ul

reMrreparypbr a4vra6arurrecKoro ropeHr{.r o6pa:qon kr pa"rpa6oran MeroAtIKy

pacrrera peanrnofi TeMrreparypbr ropeHu.rr rerefi. Baxsuu pe3yJlbraroM

TepMlrrrecKprx r{ccJreAonanzfi npoqeccoB ropeHlls rerefi tBrsercq o6ocnonanze

cocraBa rorrJrlrBHoft Ao6aexr Anfl 3a4aHkrs. TeMrreparypbl ropeHl4.a reJlefi, a taxxe

BrrkrflHne cocraBa pearquoHnofi cMecr,r Ha npoueccbl QopuIEpoBaHvrfl

MeJrKOAr4CnepCHOfO nOpOrUKa C yHr4MOAarrbHbrM pacilpeAeJleHl4eM TIaOTLIII IIO

piBMepaM.

B rperrefi r.[ase npoBeAeHo Aer€LJrbHoe o6cyxAeHlre gKcnepI4MeHT€uIbHbIX

pe3ynbraros. Anrop ucnonmoBaJra AaHHbre I4K-cuexrpocKorluvr Anfl. otrkrcale.trfl

crpyKTypbr relefi, v rroKzr3zlla, rrro B cneAcrBr4e KoMIIJIeKcoo6pa:onaHLrfl

o6ecuequBaercq paBHoMepHoe paclpeAeneHr4e r4oHoB MeraJrJroB B cl4creMe.

Tepuz.recrrafi anaJrv3 npoqeccoB ropeHr,rq [poBeAeH c npI4BneqeHHeM

pe3ynbraron ,{CK-Tf ra repMoAHHaMprqecKHX pacrreroB, fro3BoJrr4BruHx oll4carb

MexaHH3M fopeHr4,r, vr3-3a [poreKaloull4x rrpr4 3ToM oKI4cJII4TeJrbHO-

BoccraHoBuTeJrbHbrx [poqeccoB. Tenrosrre 'e$Sercru pearqufi rlonyqeHlrr

MgFel.6GAo.qOq,IIO3BOJII4JIII oupeAeJIIITb TeMnepaTypy ra3oB, BblAenf,Iolquxct npH

ropeHr4r,r rerefi. ,.{aHHue renJroBbre e$Serrrr rarcKe r4crroJrb3oBaJlucb Ant pacqera

TeM rr epaTypbr aAlraoaTnqecKofo f opeH Hfl oopa3lloB.
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rrocneAyroqero orx{LIra. Anroporr,r

o6pasonanuu crpyKrypbl relefi

OTMCIIEHA BAXHA'

vr fopeHI4I4, rITO

ponb BoccraHoBI,ITeJIeI,I B

o6ycnaenl,IBaer ypoBeHb

@usuxo-xraN{u.recxufi aHuryr3 noryqeHHblx IIopoIxKoB MgFel.6Gao.qOq

BKrlorrrllt onpeAenenze Sa:oBoro r{ Al{clepcHofo cocraBa npoAyKToB cuHTe3a H

Ar4CnepcHocTLI [opolrrKooopa3Hblx npoAyKToB.

Taxuu o6pasovt,

o6o6ulenras 6oruuroro

3KC rrep r{MeHT€uIbHbIX

SopuupoBaHufl. crpyKTypbr reJr.f, Ha ocHoBe HlzrparoB Mer€LIIJIoB H opraHl,IqecKl4x

coe4uneuufi kr paspa6oraH cuoco6 uonyqeHl4t Ha vrx ocHoBe oAHopoAHbIX

HaHoKpr4oreurrrlqecKr4x rropolxKoo6pa:nrrx MarepIl€LJIoB MgFel6Gao.+Oq 6es

yrnepoAcoAep)Karr{Hx rrpr.rMecefr c yH}rMoA€uIbHbIM pacnpeAeJleHrleM qacrI4II no

pa3MepaM. llpta groM B pe3ynbrare vr3yqenvrfl, BlrvflHvrfl. plcnonb3yeMblx npu

c>Kr4raHvrv BoccraHoeurerrefi Ha csoficrea [opollrKoo6pa:nrx MarepuanoB

MgFel 6Gao.+O+ paspa6oraHa Mero4vrna pacqera reMneparypbl ropeHus. retev u

TepMprrrecKr,rx lapaMerpoB, coupoBo)r(Aaroqr4x oror rlpoqecc. @ynrquoH€LllbHble

xapaKTep krcTvrKr4 [onyqeHHbrx nonvKpl,IcTztJlJlHqecKux HaHopa3MepHbIX

[oporrrKoo6pasHux Marepr4€rrroB MgFe1.6G&o.qO+, o6ecne.{LlBalor co3AaHI4e

[reHorrHbrx feTepocTpyKTyp

KaqecrBa. Anropou BrIepBbIe

MgFe1,6Gao,+O+iSiOzlSi MI4KpooneKTpoHHoro

6aprepnoro cJror AtroKcr4,{a KpeMHHfl no cpaBHeHrrro c A}IoKcHAoM THTaHa n.nfl

co3AaHr4s rerepocrpyKryp MgFel.6Gao+O+/Si co cra6unrnblMll uex$a:urtur,t

fpaHLIIIaMI,I u npeAJIO)KeHa MeTOAI4Ka CO3AaHIrt{ [OII4KpI4CT€LIIJIIAq€CKI4X IJIeHOK Ha

roAno)ffiax Si c Mr{Hr4Mpl3HpoBaHHbrMr4 rpoqeccavla au$Qy3vrv ua uexQa3HbIX

BaHMoAeitcrr'usv'r Me)Iqy KOMrrOHeHTaMr4 feTepoCTpyKTyp.

pa6orrr [epcneKrr4BHbr trns paspa6orrcu HoBofo KJIacca

MafHr4To3neKTpoHHbrx ycrpofi cre.

.{ocroeepHocrb rroryrreHHbrx pe3ynbraroB Aocrr,rrHyra ropperruofi

nocranoerofi gKcrrepLrMeHTa, rranuQrEqupoBaHHbrM nu6opou u npI4MeHeHueM

fpaHr4rlax Lr

Pesymrarrr

B Ar4ccepralluonHofi pa6ore B[epBbIe B pe3ynbrare

o6reua nayvnofi r,trSopruaqura 14 co6crseHHrrx

AaHHbrx ycraHoBneHbl oco6eunocru [poqecca

BbrqBleHbr rIpeHMyIr{ecTBa HcrIoJIb3oBaHufl.
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coBpeMeHHbrx MeToAoB r4ccneAoBaEvrfl. BerrlecTBa Lr lpoqeccoB rlpeBpalqeHufl.

BerrlecrB kr SopvrupoBaH:afl MarepH€LIIoB. 3rcuepurvreHTzlllbHble AaHHbIe n

pe3ynbTaTbr He3aBLrcr4Mbrx MeToAoB r{ccneAoBaHkIfl. cofJlacoBaHbl Me)I(Ay coool4 14

He rrpoTlrBopeqaT nlrTepaTypHbrM AaHHbIM

flo rercry pa6oru Bo3Hr4Kaer psA BoIIpocoB 14 3aMetlauuit;

l. Anropy cJreAoBano 6u 6olee crporo oxapaKTepLl3oBarb repMI{H <<roiraorennrrfi

noporuKoo6pa:urrfi MareprraJr>. B qeu ero KoppeIrflL\Hfl, c repMl4Hou o4Ho$asHHfi

MaTepr{€rJr.

2. B rexcre pa6orbr HeAocraror{Ho o6ocHosaH nu6op BoccraHonurerefi vr krx

cooTHorrr elJus. Ans nonyqeHuf, Ar4cnepcHbrx noporuKoB.

3. B pa6ore yrBeplKAaercs, rrro HccJreAoBaHr4e (yrouneuue) rpucrarnu.recrofr

crpyKTypbr rrpoBoAr4nocb c npr4BJrerreHr{eM nefirponorpaQuuecKr4x r43MepeHrafi.

AHarHs uefirponofpaMM rro MeroAy PureemAa BbrrroJrHrJrcfl c noMorrlbro

rporpaMMHoro rraKera FullProf. OAsaxo [peAcraBJreHHbre pe3ynbrarbr 3roro

aHaJtu3a cBoAtTct HcKJIIoTII4TeJIbHO K CpaBHeHHIO BbIr{I4CJreHHOrO [apaMeTpa

3neMeHTapnofi s.refiKr4 c pe3yJrbraraMlr rrpoBeAdnnoro peHTreHocrpyKTypHoro

aHaJrkr3a. OrcyrcrnyrcT AaHHbre rro pHTBenbAoBcKoMy yrorrHeHr4ro crpyKTypbr.

4.He .aceH nu6op roporxKa }ls2 (rnzqran*yporponnn) Anfl HarbrreHr4-f,.

Orrprlrr'tu ocrallct Borrpoc o BlrLrflHur4 yHuMoA€rrrbHocrLr u Ar4crrepcHocrr4

llopollrKa Ha ycnoBuq Lr p*yJrbTaT HarrbrJreHr4r.

5. B reKcre Al4cceprarlprr4 orcyrcrByror AaHHbre o KoHTpone 3a cocraBoM

(crexuorrlerpuefi) ocalKAeHHbIX rrJreHox Sepporvrarnutrofi urrlrHeJrn, rrro Mo)Ker

I4Merb 3HarIeHI,Ie AJIfl oneKTpoSr,rcu.recKr4x csoficrn SynxqraoHaJrbHbrx uoxprrrnfi.

6. B rexcre Allccepraql,IoHHoft pa6orur coAep)Krrrcfl pflA HerorrHocrefi, Haupr4Mep,

Ha c.7I B pa3AeJIe, orIHcbIBaIouIeM lrcnoJrb3oBaHkre MeroAoB lrccneAoBalprfl

AOTIyTIeHO HeTOTIHOe BblpaxeHr4e: (TeMnepaTypy lr3Mepqnu c noMorrlbro

BoJIbrMerpD>, Ha cc.68-69 o6osHaqeHu cxeMbr npoqeccoB ropeHlrf, KaK

ypaBHeHr4fl, rrpr4 orcyrcrBuu lu:attca tro Kr{cnopoAy.



flpune4eHHble 3aMeqaHprfl He orpalKarorc-{ Ha o6qefi rroJrorruTelrnofi

oIIeHKe ,ql,Iccepraguu. [ucceprarluonHafl pa6ora M.H. Crrrzpnonofi upe4craBrser

co6ofi 3aKoHqeHHyIo Haf{Ho-r.rccJreAoBareJrbcKyro pa6ory, B Koropofi co4epxvrrcfl

peIueHLIe Hayvuoft sa4aqkr, uueroqefi 6onrurofi Hayunufi kr npaKTr4qecrcuir

uHrepec.

Pesymaru pa6oru MolKHo peKoMeHAoBarb K r.rcrroJrb3oBaHrrro B

Llucrzryre paAnorexHvrKr4 vr 3JreKTpoHr.rKr4 rlM. B. A. KorenrHuKoBa PAH,

I4ucruryre Mer€LIInyprHLr 14 Mareprl€LnoBeAeHr4q HM. A.A. Eafiroea PAH,

Vlucruryte crpyKTypnofi MaKpoKr,rHerlrKr4 ra npo6neM Marepu€uroBeAeHux PAH,

HaquoHalbHoM I4ccJIeAoBareJrbcKoM qAepHoM yHr4Bepcr4Tere (MI4OI4),

HaquonalbHoM I4ccJIeAoBareJrbcKoM TexHoJrorurrecKoM yHzBepcrlTere d\z[ZCraC>,

PoccuftcrcoM xrIMrIKo-TexHoJrorlrqecKoM yHr4Bepcr,rrere HMeHLT [.VT. Men4eneena,

MocroncKoM TexHoJroruqecKoM yHuBepcr4Tere.

3ace4aHkrr O6reAraueHHoro

O|EYH Vllgrcruryra xvrMr4vr

Kouu Hayvnoro IIeHrpa Vparucroro orAeJreHr{tr PAH 31 oxrx6px 2016 f.,

Co4epxanue Ar4cceprarlur{ M.H.Crr,rupnonofi orpa)KeHo B ny6nurcaryuxx,

rIpeAcraBJIeHHbIX B anropeQepare. Tercr anropeQepara coorBercrByer

coAepxaHlllo Ancceprar\r4vl Pa6ora nponna Heo6xoAzMyro u AocrarorrHyro

anpo6aqraro 12 AoKnaAoB Ha Me)KAyHapoAHbrx vr poccuficxzx HayqHbrx

ronQepeHlluflx. llo pesynbraraM pa6oru ouy6rnxoBaHo 5 crarefi B u3Aa:avrflx,

peKoMeHAoBaHHbrx BAK PO.

Anrope$epar v ony6rurcoBaHHbre pa6oru B norHofi Mepe orpaxaror

pe3ynbrarbr Ar{cceprarllroHHofi pa6orrr.

Brrno4rr, [olyr{eHHbre aBTopoM

c$opvryru4poBaHbl H orpa)KarcT IIeHHocrb 14 o6leu rpoBeAeHHoro r{ccneAoB aHzrfl.

Orsrrs 3acny[raH,

ceMr{Hapa OrAena

oOcy)KAeH v yTBep)r(AeH Ha

xuv'nvr u Quauxu Marepr4anoB

AVTCC9pTAL\LII|I) TpaMOTHO

rrporoKorr J\b10.



3arcmoqeHne

Taruu o6pa":ovt, pa6ora M.H. Cvrzpnonofi Ha reMy: <(DopruupoBaHue

roMoreHHbrx MarepHaJIoB cocraBa MgFel6Gao.+O+)) o6laAaer BceMI'I

Heo6xoALrMbrMLr gJreMeHTaMkr: aKTyurbHocrb, AocroBepHocrb, HoBH3Ha, Hay'rnas. vr

[paKTr4r{ecKar 3HarrrrMocrb pe3ynbraroB, I{ orBeqaer BceM rnaluSuraIII4oHHbIM

rrpr43HaKarr,r BAK P(D ans KaHArlAarcKr,rx Arlcceprarluir. Pa6ora coorBercrByer

"floroxeHr,rro o ropsAKe npr4cyxrAeHnfl, yqeHbIX creueHefi" J\! 842 or 24.09.2013,

B qacrHocru rryHKrarvr 9 u 14, orBerraer rlacrropry cneIII4€uIbHocrH 02.00.2I -

Xutvtus. TBepAoro reJra ro Qopuyne v o6racru LIccJIeAoBaHkrs, a ee aBTop

CurapHona MapHr HurolaesHa 3acnyls4Baer rlpl4cy>lc4elatrfl yuenofi crerleHl4

KaHALrAara xlrMrrr{ecKr4x HayK rro crrequallbHocrl4 02.00.2I - xvMr4s. re€p4oro

TEJIA.

llpe4ce4arenr O6reAHHeHHoro ceMuHapa

OrAena xvMvrvr u Susuru Marepl{anoB, A.x.H. lO.LI.Ps6ros

161982, PO, Pecuy6m<a Kouu, Clrmrrnrap, flepeouaftcxas, A. 48

Ten.: +7 (8212)21 84 77

E-mail : info@chemi.komisc.ru

(De4epalrHoe rocyAapcrBeHHoe 6roAxernoe yqpexAeHl,Ie HayKI{ Irlncruryr xvIMvIv Kouz

HayqHolo rIeHTpa Ypzutrcxoro orAeJIeHI{s Poccuficroft araAeruul4 HayK

srq6-.-- t,t:-t(.
fo
HAVKil

'----_20 r.



CneAeHuq o nelyuefi opraHu3arlru{
rro Ar.{ccepraqraonuoft pa6ore Clrupnon oft Mapnn Hurcolaennsr

Ha reMy <(DoplrupoBaHue roMoreHHbrx MareprraJroB cocrana MgFel.eGao.lOo>
npeAcraBneunofi Ha co[cKaHue yuenofi crerreHlr KaH4r44ura xIaMI,ItIecKI,rx HayK

ro creuuanbHocrr{ 02.00.21- xprMr.rl rBep.4oro rena.

florHoe HiBBaHr4 e opraHr.r3aurar4 B
cooTBeTcTBHr4 C yCTaBOM

(De4epamnoe rocyAapcrBeHHoe 6roANeruoe
yqpexleHr4e HayKr.r l4ucruryr xvrMvrr4 Kouz
HayqHoro ueHTpa Ypamcxoro orAereHr.r-s
Poccuficxoft araleuur4 HayK

CoxpaqeHHoe Har.rMeHoBaH14e opraHr43aur.rr4
COOTBETCTBI4I4 B VCTABOM

I4ycruryr xvtMur4 Korrlra HII YpO PAH

floqroerrfi r.rHAeKc, aApec opraHrr3aur.ur 767982, P@, Pecny6rura Kovrra, Crrxrtrucap,
flepnouaficxax, 48

Be6-cafir http ://chemi.komisc.ru/
TenerboH +7 (82t2\ 21 84 77
Aapec 3JreKTpoHHofr uoqtr info(D.chemi.komisc.ru.
Cnucor< ocHoBHbrx ny6ruraqrafi pa6ornzxon
crpyKTypHoro noApa3 Ie rrelll,Ifl., B KoTopoM
6y.uer roroBuTbcr or3brB, no reMe
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