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OT3bIB BEAYIIIEIZ OPIAHII3AIIIIII
(De4epanruoro rocy.{apcrBeHHoro aBToHoMHoro o6pasonareJrbHoro yqpe}KAeuzr Bbrcrrrero
o6pa:onanug <Poccufictczfi rocyAapcrBeHHLrfi yuznepcr,rrer neftru vr ra3a (naqzona,rrusrfi

uccneAoBarenrcrcprfi yHr.rBepclrrer) uueun Z.M. fy6xuna>
o HayqHo-npaKTurrecKoft Ilesnocru Allcceprarlrlu Irhorosa Axuagruo Marraa4uroenraua

Ha reMy <Cuures 1,3-6yraaueHa Ha ocHoBe r.rHr.rur4r.rpoBaHHbx fereporeHHo-KaraJrr{Tr4qecKr.rx
npoqeccoB npeBparrleHr.r.f, 3TaHora r.r Ar{Merr4JroBoro s(f upa>,

flpeAcraBneunofi na co[cKaHI,Ie yuenofi crefleHr,r AoKTopa xl,IMt4rrecKr4x HayK
no crerlr4aJrbHocrr.r | .4.3 . - OpranzvecKar xrrMt4t

Arcrya.nrHocrr ns6paHHoft TeMbr

AlrrepuarI4BHhle neSrz r4cror{Hr4Kr,r cblpbr npr4BJreKalor BHVMaHI4e

ucclegonareleft v [poMbIIIrJ]eHHbIX upe4npv.rrufi B cBr3t4 c oKoJlofI4rrecKr4Mr4

upo6leuaMvr v Ae0uqurou o6relroB r4crroJrb3oBaHr4r JrerKoAocrynsofi rz <cserrofi>

HeQrz B o6racrl4 rIpoMbIIxneHHoerI4 MoHoMepoB cr4HTerr4qecKoro KayrryKa. 3ranol,
loryrleHHstit us 6uoltaccu, vr AvrMervIrosHfi e$np (IM3), rtoryqeHHstit us cr4HTe3-ra3a,

npeAcraBJl{ror I4HTepec c [paKTu.Iecxoft z nayvuofi TorreK 3peHzlr Arq [por43no4crna 1,3-

1yragueua. Pa:pa6orKa rerepofeHHo-KaraJrvrr4lrecKr4x rrpeBpalleuzfi graHoJra n nMO
cBoAI4Tct K co3AaHI4Io oAHocraAzfisrrx BbrcoKoceJreKTrrBHbrx HerrpepbrBHbrx

TexHoJIorI4qecKI4x npoqeccoB. Peurenze eroft axryalruofi ga1arrv cBoAr4Tcr K co3AaHr4ro

cra6nlrurrx [poI43BoAI4TeJIbHrIX BbrcoKorrporrHbrx rerepofeHHbrx KaraJrv3aropoB c

pereHepl4pyrorll4Mt4 ceoficreal4z. Brrcoxue rpe6onanur, [peAbrBJrreMbre K TaKr4M

<<Vrnepx4aro>>



KaraJIIrrI4qecKI4M crlcreMaM, crr4Myn[pyror rrot4cK I4Hr4rlr{aropoB, o6ecne.rzsarcuvx

BbICOKyTO [pOI43BOAI,ITeJIbHOCTb nO rleneBbrM rrpOAyKTaM B TerreHrre AJrI4TeJrbHbrx

peaKuI4oHHrIX IIITKJIoB ocyuecrBlrerns, pearcqafi. llpuueueHue rrHr4rlr4aropoB p.IA

rereporeHHo-KaranlrrrrrrecKr4x peaxquft Aerr4lpupoBaHkrfl, pervrp1para\w vr

oJll,IroMepv3al!'uvr graHorra v AM3 c oAHofi cropoHhr, v HayqHo o6ocuosaHHoe

y[paBneHl4e lrpoqeccaMl4, c gpyrofi cropoHbr, rBJrrrorcr rrpkt oroM aKTyaJrbHbrMr,r

Qyn4aueHTitrlbHblMr4 3araqaMr rrpu pa^:pa6orxe yKa3aHHoro Kpyra npoqeccoB.

I4cc.rreAosaHve Kararrr4Tr4qecKr4x flpeBpauenufi srauoila v AM3 rroKz[nJro BbrcoKyro

eQQerrznHocrb tanon"ao"u""" nepoKcr{Aa BoAopoAa B peaKuzrx loryqeHr4r 1,3-

6yra4zeua I43 3raHoJIa u !M3, qro rro3BoJrrer cqr4Tarb paccMurpvBaeMyro npo6neuy

arryamuofi.

HosnsHa lrccJreAoBarr4fl Ir rroJryqeHHbrx pe3yJrbraroB, BbrBoAoB [r peKoMeHAaqnfi,

cQoprvry.rrupoBaHHbrx B Arrccepraur{u

B nep nue rro Ka3 aH B 03 M o]KHbIfi conp.rN esuu ft c 4efi crnu eM v:nr4rryarop a M exanr{3M

o6pasonanux 1,3-6yta4neHa r{3 oraHona z !M3 c rpt'tBJreqeHr4eM 4eralruofi Kr4Herr4KLr

AJI' KaXAOfO npoqeoCa I4 noKa3aHbr cpaBHr4TeJrbHhre xapaKTepr4cTr4Kr4 Kax(Aofo npoqecca,

aHaJwr3 MexaHI43Mon o6pa-:oBaHvrfl, rleneBoro coeAr4HeHrl-f,. lloxa3aHo BJrr4rHrae flepoKcrrAa

BoAopoAa Ha rloBepxHocrb KaraJrr{3aropa v n o6reue peaKTopa c aHaJ'rr43oM loryrreHHbrx

paAI4KanoB c yqeroM KBaHToBo-xr4MLrrIecKofo rr repMoAr{HaMr4qecKI,IX MeroAoB. B xo4e

14CCJIE,IIOBAH14' pa3pa0oTaHbr CEJIEKTUBHbIE B brcoKorrp orr3 B oAr{TeJr b Hhr e

uo4zQlaqr,rpilnausue KaranrvrvrqrecKl4e cr4creMbl Ha ocHoBe oKct4AoB tLJIroMr4Hr4r, rIr4HKa

AJII rpoqeccoB rlpeBpalqeHllt 3TaHoJra rz IMO n 1,3-6yraAlreH, pa6oraroqr4e HenpepbrBHo

B npI4cyrcrBl{I4 rlepoKcl4Aa BoAopoAa. Ha ocnoBaHvrr4 r4ccJrenoBaHzfi sHssneHbr rpr4

ocHoBHbre Qynrqr,rra repoKcr{Aa BoAopoAa; LrnLrrr:rrapyrcuar, uo4zsnqnpyrcuar vl

pereHepl{pyrcUat, o6ecne.rl4earouat 6ror<uponaHr4e KoKca, Koropbre noATBepxAeHbr

KI4HervrrecKI4M, KBaHToBo-xr4MI{rrecKprM I4 TepMoArrHaMVqecKr4M MeroAaura. lIpe4JIo)I{eHa

KI4HerI,IqecKat MoAeJIb MHoroMaprlpyrHoro rrpoqeccoB rroJryqeHlrt I,3-6yra4r4eHa KaK lr3

oraHona Ha Kararll43arope IIAK-16 (K2O-MgO-ZnOly-Al2O3), BKJrroqarcrlar- craguiruy.ro

cxeMy LI ypaBHeHI4t cKopocrefi no Maprlpyrau o6pasoBa:avs. rleJreBoro z no6o.rHHx

MapllpyroB. Irlccle4onau MexaHrr3M o6pasonauvra 1,3-6yragveua, coveraroqzfi

KJlaccaqecrzfi raua:r no fopzny qepe3 arlerzlJrbAewr1, eraKlr(e Maplrpyrbr, nporeKaroqr4e

rrepe3 STI4JI9H u 6yrraleubl c KorI4rrecrseHHoft Kr4Herr4rrecxofi oqeuxofi eKraAa KDr(Ioro r43



3TI4x rpex HarlpaBneHuit.I4syteHbl Kr4HervrrecKr4e 3aKoHoMepHocrr{ rrpeBparyenur !M3
ua IIAK-16 v ALIHaMLIKa ne3aKTLrBauI4I4 c .qaJ'rbHefiruuu onpeAeJreHr4eM ocHoBHbrx

MapurpyroB o6pa:onauu-a IIeJIeBoro npoAyr(ra. llpoaua,uvr3t4poBaHbr Bo3MoxHbre

MexaHr,r3Mbr o6pasonaHz-a 1,3-6yragueya r4s !M3: Kpocc-KoHAeHcauur (llpraHc

MexaHV3M), vepes 3TaHoJI u 1atrcweitruufi pacuaA rro Jle6egeny qepe3 6yrzleHrr.

3naqnprocrr Ailq Hayl(n v trpon3BoAcrBa (nparcrurcu) troryqenHbrx aBTopoM

AHCCepTaUHlr pe3yJrbTaToB

flolyveuuoe ueJleBoe coeAl4HeHrre - 6ytanueru-I,3 r4cloJrb3yercr B KaqecrBe

cblpb-{ kr rlrfl, noryrleH[r pa3nvqHbrx Br,rAoB ckrHTerr,rqecKofo KayrryKa, a rarcKe Ant

rlpot43BoAcrBa TepMorIJIacroB, cMoJr vr Apyrt4x nocrpe6onaHHbrx rrpoAyKToB.

3rclepuueHTa;IbHat anpo6aqu.t [perJrox(eHHbrx KaraJ'rr,rrr4qecKr4x cr4creM noATBep)rqeHa

aKraMI'I ucrlblraHl4fi n OAO <3nI,IHlI>> (3nexrporopcr<zfi I,IHcrzryr neQrenepepa6orr<z

I4MeHV aKaAeMI{Ka C.H. XagNnena). llpe4noNeHHbre B Ar4ccepraUzosuoft pa6ore

Kl,rHerr4qecKve MeroAbr pacqera pearqufi MoryT npvMeHrrbcr B yve6uou npouecce Ha

raQ egp ax opraHr4rrec xofi , Q zs u.recKofi xprwvrpr, Kr{Herv Kr4 14 Kar urv3 a.

Konrcpernrte peI(oMeHAaIIu[ rro ucnoJrb3oBaHrrrc pe3yJrbraroB tr BbrBoAoB,

npnBeAeHHbrx B ArrccepTarlUu

Peaylrrarrr pa6oru MoryT 6rtrr vcrroJrb3oBaHbr Ha rrpor43BoAcrBeHHbrx

rlpeAnpl4trl,Itx rto cI4HTe3y opfaHlrqecKr,rx BeruecrB, B aHaJrr4Tr4rrecKl{x na6oparopu.rx.

O6ocuonaHHocr'b tI AocroBepHocrb HayqHbrx troJrolr(eHrrfi srteoAoB r{ 3aKJrrcqennff

o6ecneqena coBoKyrlHocrblo Kr{HerrzrrecKoro, TepMoAI,IHaMI4qecKoro, KBaHToBo-

xl4Ml{qecKoro, raseonoft xpoMarorpaSuefi, xpoMaroMacc crreKTpoMerpzefi vr

cneKTpoKt4HerllqecKoro MeroAa in situ, POA, aroMHo-aAcop6quonnrrfi aHaJrvt3,

3neKTpoHHat cneKTpocKollur c KBaHTOBO-Xr{MlrqeCKr{M pacqeroM slexrpouuoft

crpyKrypbl Bcex KoMrIoHeHroB MeroAoM QynxrlzoHana rrJrorHocrz DFT UB3L 16-

311g(d,p).

oqenrca coAep)KaHnft Aucceprarlllnt ee 3aBepureHHocrb B rIeJroM

lucceprallktt cocrovlT vI3 BBeAeHlIr, qerblpex fJIaB, 3aKnloqeHr4t, BbrBoAoB, cIII4e.Ka

I4crloJlb3oBaHsofi nvreparypst us 227 HaI4MeHoBawuit z npvJroxe14fl,. Pa6ora r43JroxeHa

sa265 crpaHl4llax KoMrlblorepHofo ua6opa, BKJnoqar 38 pzcynr<os, l8 cxeM v 38 ra6nvq.



Bo neeAeHI4I,I paccMorpeHbr trpoqeccbr npeBparqeHLrr 3TaHo,ra u !M3 B rleHHbre

npoAyKTbI ueQrexvuvfir vt vcilo,Irb3oBaHr4e graHoJra ra !M3 B KarrecrBe aJrbrepHarr4Bbr

neQrz. OnpegeneHbl IIeJIb, 3a1aqv pa6oru, rroKa3aHa HayuHafl HoBr43Ha pe3ynbraroB.

B nepeofi rJIaBe npI4BeAeH nr{TeparypHrrft o6gop Kara,'rr{Tr4irecKvx npoqeccoB Ha

ocHoBe 6Iaouaccrt (eraHor, 4ulrernlonufi e$up), rne ocHoBHbrMkt coeALrHeHr4rMr4

tBrtrorc.f, oleQuHrr, apoMarl4qecKr4e coe4nnenvrfl, yrJreBoAopoAbr 6eHsraHosoro v

Kepocl{HoBoro pqroB, lylaaueH, r43orrpeH, c yrreroM cr,rHTe3a o6pa:qoB rereporeHHbrx

KaTa!'II43aropoB. llprzne4eubl pa3HoBI4AHocTt4 co[pr)KeHHbrx lr qerrHbrx pear<qzfi c yrreToM

Irx pa3BI4TIrt B oKl4an"r'an"""rx lpoqeccax, 6zoxprMvtvt, neQrexuul4r4, opfaHz.recrofi

xvtMvlv) aHaJrv3 loryr{eHHbrx paArrKitrloB B foMofeHHo-feTepofeHHbrx llpoqeccax.

Bo nropofi uase olucaHbr MeroAbr cr4HTe3a ueneBoro rrpoAyKTa, [pr4BeAeHbr

alflaparypHoe o$opureuue, aHaJ'rr4Tr4qecKrle npz6oprr, MeroAbr pacqeroB rreJreBbrx

pear<quft u o6pa":onaHHblx aKTITBHrIX rlacrr4rr rrpr4 r,rclonb3oBaHr4r4 vrHkrrJpruropa. Onucaurr

MeTOAI4Ka CI4HTe3a KaTar'IH3aTOpOB, QVSTEXO-Xr4Mr4rreCKpre MeTOAbI AHa:-irkrcA CTpyKTypHbrX

14 rloBepxHocrHblx xapaKTepr4crzK cr4HTe3r,rpyeMbrx Kararrr43aropoB u pearquil.

B rperreft rJIaBe rIpI4BeAeHbI r4Hur\r4r4poBaHHbre [poueccbr npeBparueHr4t

MeraHoJIa, graHoJla v 4nMerkrJroBoro eQupa s rlereeofi [poAyKT, rrpoaHilrru3t4poBaHbr

onrI4MaJIbHbIe ycnoBl4fl rlpoBeAeHr4r rlpoueccoB, rroKtraH cI,IHTe3 ra Qu:vtt<o-xurr,ru.recKrafi

aHurrrs o6p as q or Kariurr{3 arop oB .

B uerneptofi fJIaBe (o6cyN4enue peeynrraroe) rroKa3aHbr Kr4HervqecKr4e,

KBaHToBo-xI4MuqecKI4e I4 TepMoAzHaMuqecKr.re pacqerbr rleneBbrx u uo6oqsux peaxqzft.

lraccepraqlloHHat pa6ora 3aBeplraerc.rr o6uluuz BbrBoAaMr4, cnucKoM

IIkITI4poBasHofi nl4Teparypbl z rIpI4JIoxeHr4eM. llpuloNeulre BKrroqaroT aKTbr r.rcnrrrauzfi

rrpeBparqeHr4{ graHo,'ra e 1,3 -6yragzeu.

.{4ccepralll4oHHat pa6ora I4rorosa A.M. npeAcraBnser co6ofi 3aBeprrrenHoe

JIOfUqeCKr4 BbrCTpOeHHOe HayqHOe I4CCneAOBaHr4e.

3alreqannn no pa6ore:

1. B .nureparypHoM o6sope [ppIBeAeH Marepr4an o corprxeHHbrx peaKrlzrx, Ho. B

I,ITofe Lrpefl cBoAI4Tc.tI K vunr\rrr4poBaHrto ocHoBHbrx peaxqufi paAr4KanaMrl

o6pa^:onaHusIe flpu pacrlaAe ilepoKcr4Aa BoAopoAa, KaK Bbr cBr3brBaere orrr

rtongrus?



2. B rpzneA0nnoft cxeMe o6pasorauvx I,3-6yra1veHar43 AvMerlrJroBofo o$upa crp

rIpI4BeAeH Maplrpyr llpuuc KoHAeHcarIr4r4, TaKxe B orrLrcaHpre MexaHr43Ma

o6pasooanpu IIeJIeBofo BeqecrBa r43 STaHoJra ecrb Mapmpyr nsalrMoAeftcrsz.fi

alrera^IlbAefl,IAa v grI4JIeHa. BosNaoNHo gro v ecrb o6uree B MexaHV3Max

MexffiJraccoBbrx rroMepoB n qelenofi pear<qzu?

3. floveuy He I4crIoJIb3oBaHbI coBpeMeHHbre rrporpaMMrr pacqera peaKTopoB r,r y3JroB

ycrauonru?

4. Ha crp 89 [pI4BeAeHa ycraHoBKa sJreKTpoArranv3a vr onr4caHrre MeroAa

AeKarI4oHI,IpoBaHrIt qeoJIrITHbrx o6pasqoB KaraJrv3 aropa, oAHaKo Barrrr4 o6pasqrr

eto 6unapHble cl4creurr Al2O3lZnO v g;p. 1^nfl rrero npr4BeAeHa nal:aafl cxeua?

5. Ha crp 96 oueHeua aKTIrBHocrb KaraJrr43aropoB K-1 u K-2 no Hr4rre Her cocraBa 14

cTpyKrypHbrx xapaKTepr4crt4 K.

CoorsercrBrf e anropeQepara ocHoBHbrM rroJroxceHr{qM Ar.rcceprarlnr{

AeropeQepar Aucceprar\w coorBercrByer ocHoBHbrM rroJroxeHr4rM Ar4cceprauvtu,

ee coAepx{aHr4ro, BhrAep}KaH no Sopue z o6relry.

flogrnepxgenue ony6Jrlf KoBaHHbrx ocHoBHbrx pe3yJrbraroB Arrccepraurru B

nayunoft nerrarlr

Ouronusle pe3yJlbrarbl orpoKeHu r 106 HayqHbrx pa6or, B ToM qr4cJre 30 crareft e

)KypH€LJIax, peKoMeHAoBaHHbIX BAK Poccuficxofi (Degepaquz, B 12 x{ypHarrax,

BKJrloqeHHbrx B 6asrr AaHHbrx Scopus v Web of Science: 55 HayrrHbrx pa6or,

ony6ruxoBaHHblx B Marepuanax MelrAyHapoAHbrx 14 Bcepoccuficxrzx ronQepenuilit u

cLtMrIo3I4yMoB, 3auII4IrIeHo 9 rrareHToB. OcnoeHrre rroJromeHr4r n BbrBoAbr,

cQoplrynupoBaHHble B Avcceprarryrv\coAeplKarcr B BbrrrreArrrr4x ny6lzraqLrflx;HaMoMeHT

BbIXOAa I43 nerlarl4 BCe npeACTaBJreHHbre pe3ynbrarbr flBlrflrrvcb HoBbrMLt.

3arc.nroqenue o coorBercrBlrlr Arrcceprarlnn Kp[TepI.IqM, ycraHoBJrenrlrlru

ffoloxenrreM o nopqAKe rrpt,rcyxcAenuq yqeHrrx crenenefi

Brrcxagannrre 3aMeqaHru He cHrDr{aror rleHHocrrr Alrcceprarlzouuoft pa6oru

Zrorosa A.M., runolqeficr 3aKoHqeHHbrM caMocrorreJrbHbrM r,rccJrenoBaHureM tro

aKTyanbHofi teMe, pe3yJlbraru roropofi BHocrr BKJTaA xr4Mrto 3TaHona Lr /.uMervlroBoro

eQupa. PaccuarpuBaeMble rIoJro)KeHVr B At4ccepra\vvoxBarbrBalor 3araqv,BKJrrorreHHbre

B rlactropr crIeIII4aJIbHocrr{. lloryveuuue gKc.[epr.rMeHTaJrbHbre AaHHbre r4x

I4HTeprIperaII[t aBTopoM coorBercrByror SyngaN,{eHTaJr6HbrM, Teoperr4qecKr4M



rlpeAcraBneHr4rM opraHr4qecKofi xvMrrvl locronepHocrb saKrroqeHr'rfi ocHoBaHbr Ha

coBpeMeHHbrx Qusnxo-xuMt4rrecKr{x MeroAax r,rccJreAoBaHr4r, corJracyrorcf,

KJraccr4rlecKr{Mr4 u Hoseftur4Ml4 [pe.ucraBJleHlrtMr4 o xvrurrv graHoJra v [r4MervJroBoro

sQzpa. AnropeQepar .qrccepra\wr rroJrHocrbro orpax(aer coAepxaHr4e Alrcceprarrypr.

Taruu o6pa^:ol,r, Arrcceprarlus l4loloea A.M. flBrrfl,erefl, HayqHo-KBanzQnxaquounofi, r
xoropofi Ha ocHoBaHr{r4 BbrrroJrHeHHbrx aBTopoM uccreAonanufi pa^:pa6oranrr

reoperzuecrufi [oJroxeHr4r, coBoKy[Hocrb Koropbrx MoxHo r<nanraQraqr4poBarb KaK

HayrrHoe Aocrprlr(eHr4e, qro coorBercrnyet rpe6oBaHr,rrM n. 9 <llono)r{eHr4r o noprAKe

rrpvcyx<4eHur yqeHbrx crerreueft> yrBep)KAeHHoro nocraHoBJreHrreM llpanrarerbcrBa

Poccr,rficxofi Oegepar\w or 24.09.2013 r. JS 842, rpeAbrBrqeMbrM K Ar4ccepragrM Ha

covcKaHr4e yveHofi crerreHv AoKTopa HayK, a ee aBTop 3acnyxlrBaer nplrcy)KAeHr4t

vcrconroft yueuoft crerreHz.

OrsHn Ha Ar4cceprarlr4oHHyro pa6ory Zro;ron A.M. <Cunres I,3-6ytagueHa Ha

ocHoBe I{HI4III4I4pOBaHHbrX feTepOfeHHO-KaTaJIr4TI4qeCKr4X npOUeCCOB npeBpaueHr4t

eraHoJla I4 AI4MerIaJIoBoro eQnpu o6cyx4en Ha HayqHoM ceMrlHape r<aQe4prr ra3oxr4Mr{r4

(flporoxor Jtlb25 or 23 nnBapn 2024 r.)
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