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3AKIIOTIEHI4E
(De4epanrHoro rocyAapcrBeHHoro 6roAxeruoro ytrpex(AeHLrfl.HayKr4 l4ucruryra

o6rqefi z HeopraHz.Iecrofi xr4Mkrvr uu H.C. Kypnaxona.Poccuircr<ofi aKaAeMr.rr{ HayK.

fluccepraryun dA3PAEOTKA OI43I4KO-XI4MVILIECKI4X OCHOB

IIonvr{ErMA HAHOPA3MEPFTbIX nOpOIIrKOB OKCr4AOB Vr fVr4p OKCI ItrA

AJIIOMI4HI4II (EEMI4TA)) BbIIIoJIHeHa B ta6oparopuu ilonynpoBoAHlrKoBbrx pr

Ar4oneKrpr4qecKr,rx Marepra€uron ZOHX PAH.

B uepr,ro4 IIoAroroBKI4 Aklcceprarlvrkt acnlrpaHT CeMeHos EereHZfi Arerceeeuq

o6y'rancx B 3aoqHoir acrrupaHType Se4epanrHofo rocyAapcrBeHHoro 6ro4xeruoro

yqpexAeHnf, HayKI,I l4ucr.uryra o6qefi vr HeopraHr4.recrcofi xr4Mr4r4 r4M H.C.

KypHar<ona. Poccufi crofi aKa4ev'vrv HayK.

B 2007 r CeueHoe E.A. oKoHrII4r Mocroscr<r,rfi rocyAapcrBeHnrrfi rexHu.recrrfi

yHLTBepcI4Ter I4M. H.3. EayMaHa no cnerlr4uurbHocrr4 <IrlncrpyueHT€urbHbre cr4creMbr

MarrrlrHocTpolrTeJrbHbrx [poLl3BoAcTB)).

CeMenos E.A. 02.09.2013 r. uocryilLrn B 3aoqHyro acilLrpaHrypy I4OHX PAH

co cpoKoM o6y.reuur 4 roga uo 01 .09.2017 r. VaocroBepeHr.re o cAarre KaHAr4AarcKr4x

sK3aMeHoB J\b 23118 BbIAaHo 30 vrafl, 2018 r. Oe4epanrHhrM rocyAapcrBeHHbrM

6ro4xerublM yqpexAeHLIeM HayKr4 Vlucturyrona o6u1efi 14 Heopranu.recrcoft xrlMr,rr{ r{M

H.C. KypHaKoBa Poccuficxofi ara4erukrvr HayK.

Hayuuufi pyKoBoAr4reJrb :

llauauor feopnafi llauonzu, AoKrop xr4Mr4rrecKr4x HayK, npoQeccop, rrtasHrrfi

nay'rHufi corpyAHLIr< na6oparopl{I4 rronynpoBoAHnKoBbrx r{ AkrgneKTpuqecKrlx



MarepuanoB Se4epanrHoro rocyAapcrBeHHoro 6ro4xeruoro yqpexAeHr4r HayKI4

Vlucruryra o5qefi u HeopraHr4.{ecrofi xurl,r.:zvr I4M H.C. Kypnarcona Poccufrcrofi

aKa4eMr4w HayI(.

llo zroranr o6 cyx4 eHvrfl. npuI Htro cneAyroqee 3 aKJIIoTIeHIre :

Brtnracra I,I3 nporoKona Jrlb 1

3AAe;.aHVrfl paanvpeHHofo KoJrJroKBr4ynra na6opaTopt4l4 [onynpoBoAHI4KoBbIX 14

Ar43neKTpLrqecKr4x Mareprranon Se4ep€ulbHoro rocyAapcrBeHHoro 6ro4NerHoro

yqpexrAeHzfl HayKkrLlucruryra o5ulefi r4 HeopraHrz.IecKofi xvrl.r'r4v unr H.C. KypHar<oea

Pocczfi crofi ar<a4elt nv HayK.

or <3 1> orrx6pq 2018 r.

llpr,rcyrcrBoBaJIr{:

1. A.T.H., 3aB. ta6. [onynpoBoAHr4KoBbrx v Ar4oneKTpI4rIecKI4x MarepI{€LIIoB,

npeAceAareJrb KoJITIoKBI{yMa - B aculree Muxaur fpraropreezv ;

2. A.X.H., fJr.H.c., pyKoBoAHTenb Arlccepraqzonuofi pa6orrr - llaHacrox feoprzfi

llasrosu.{:

3. x.x.u., cr.H.c., yueurrfi ceKperapb Ar4ccepralllroHHoro coBera 002.021.02 Pronlrau

Mnxaur AnercasApoBl4rl;

4. 4.x.H., :ae. ra6. TepMzrrecKoro aHaJrv3a r4 KaJIopI4MerpI4I4 - fanprauee KoucraHTI{H

Cepreenuv;

5. 4.x.n., sae. ra5. Qrasuuecrr4x MeroAoB r,rccJleAoBaHnfl crpoeHulq I4 TepMoAr4HaMVKV

H eopraHr4rre cKlrx co eII4HeH uit - AtwrxaH.xH Au4pefi Coco nzu ;

6. A.X.H., 3aB. ta5. Susurcoxurr.ruz 6aporepvrl4uecKl4x npoqeccoB I4Hcruryra

Merannyprtrvr 14 Marepr4anoBeAeHr4{ nu. A.A.Bafirosa PAH - llaAanrco Asarolufi

feoprvenuv;

7. g.x.w., rJLH.c., qn.-Kopp. PAH - I4soros AlexcauAp [unrpueBl4tl;

8. 4.x.H., BeA.H.c. Hunan feoprufi,{ouaronuu;

9. 4.x.u., rJI.H.c. Itpellerl Bla4amnp Anexcitl{ApoBl4Ll;

10, 4.x.u., rJI.H.c. fauznon Bq'Iecrae llerpoenu;



1 1. x.x.n., cr.H.c. Eerau Bzrrop Hzrolaennu;

12. x.x.u., cr.H.c. A:apoea [u1'us Arerceenna;

13. r.x.n., cr.H.c. Tropzu ArencaH4p Bna4zulrpoBr{q;

1 4. x. x. u., cr. H. c. Kolrqon a T atssna Hurolaeena;

15. r.x.n., cr.H.c. llalrr<oea Onrra HurolaenHa;

16. r<.r.u., cr.H.c. JTTsnqKqH Aner<cefi Alerceenuu;

17. x.x.u., cr.H.c. CaHurrau Brraguwup llerponzu;

18. K.x.H., cr.H.c. Ilr,arcuH IOpufi lvrzrpraenuu (xzrvruuecr<ufi $arynrrer Mfy,
r<a$ e4p a S ze zue cr< oit xuwuu, rra6 . Kar arrLBa ra ras o eo fi 3 Jre KTp ox utvtuu) ;

1 9. x.x. u., cr. H. c. Koeepox ery Vlpuua Bra4zruzpoBHa;

20. x.x.H. rJr.rexHoJror Boporur4JroB Zropr JleoHu4oerzv;

2L w.v.c. Pzrrl Aner<cefi Zropenuu;

22. rttexHoJror I4soroea Bareurzua OreroeHa.

Bcero npr4cyrcrsosano'.22 rreJroBeKa, vr3 Hvrx 10 4or<ropoB HayK.

|IOBECTKA AH-q

flpe4napureJrbHoe paccMorpeHr4e trkracepraqzouuofi pa6oru acnr4paHra

laSoparopzz [onynpoBoAHIrKoBbIX v Al4oneKrpl4r{ecKux MarepuanoB Vlucrutyra

o5ureff r4 Heopranzqecr<ofi xprMvrur zvr H.C. KypHarona Ceuesosa E.A. Ha reMy:

<Paspa6orra Qzsurco-xr4MzqecKr4x ocHoB [onyqeHuf, HaHopa3MepHbrx noporxKoB

o KczAoB rr rrrApoK cvrya aJIroMI{HI4r (6ervrzra) >.

PaSora BbrrroJrHeHa B na6oparopuz nonylpoBoAHr{KoBbrx v Ar.rgneKrpr4qecK[x

Marepr4anoe I,lucruryra o5rqefi u ueopraHr{rrecKoir.xuli.,quu rzu H.C. KypHaxona. Teva

Ar{cceprarlzouuofi pa6oru Cerr4enosa E.A. r4 Hayr{Hbrfi pyr<onoAr{renb: A.X.H., rpo$.,

rJr.H.c. llauacrox f.ll. yreep)KAeHbr Ha 3aceAaHIrI4 ceKIIzz Y.IeHoro ooBera I4OHX

PAH <CrzHres u r43yrreHr4e HoBbrx HeopraHr4qecKr4x BerrlecrB rr Marepr4aJroB)) 7 ruor'6pr_

2013 r. (uporoxor J\b 10).



CJIYIIIAII,I:

lor<ra4 CeueHona E.A. <Paspa6orr<a Qrz:uKo-xr4Mr4rrecKux ocHoB npoqeccoB

fionyrreHu.t HaHopa3MepHbIX nopolxKoB oKcr4AoB 14 rt4ApoKcvr4a aJrroMr4Hr4r (Setrzra)>,

rr3Jr oxrr Brrrero ocHoBHoe coAeplxaHr4e ceoefi Alrcc eprarlzoHuofi pa6 oru.

B o6cyN1oaur4 AoKnaAa ilpvHflnvr yqacrhe: A.T.H., zas. ra6. [ony[poBoAHaKoBbrx 14

AV3neKTpI4r{ecKI4x MarepvanoB Bacznbee M.f.; A.X.H., 3aB. Ira5. TepMr4qecKoro

aHaIrv3a 14 KaJloptrMerpl4r{ fanpuven Koucranruu CepreeBurr; A.X.H., rJr.H.c. f,aHz,roe

Bq.recrae llerponuu; A.x.H., BeA.H.c. HuuaH feoprzfi [oHaronnu; K.x.H., cr.H.c.

Kolrqona Tatsssa Hzr<oraeBHa; A.x.H., 3aB. na5. Sra:r4Koxr4Mr4u 6aporepMr4r{ecKnx

npoqeccos WHcruTyra Merannyprr{v 14 Marepr4aJroBeAeHvrfl prM. A.A.Eafixosa PAH -
flaAalxo A:narorruir feopruenuv; A.X.H., 3aB. rra6. $uszuecr<ux MeroAoB

IrccneAoBaHufl cTpoeHl4t v TepMoAr,rHan.r'laKt4 HeopfaHl4qecKr{x coe4uueuufi

Aruxauqu Au4pefi Cocoez.r.

flo 4oxlap! 6suru 3aAaHbr cneAyrorqr4e Bonpocbr:

1. 4.x.u., rJr.H.c. faHrznon Bq.recrae llerponuv.

o Kar<oeo npI4MeHeHrIe HaHopa3MepHoro 6elrzra B coBpeMeHHoM

npor43BoAcTBe r4 npoMbrrxneHnocrz?

o Zgsecrna lrv paBHoBecHar Sasonax Ar4arpaMMa, r4nnrocrplrpylouat

rrarvlu:ze pa3nr4r{Hbrx $as 6evvrra B 3aBr4cr4Mocrr'r or pH cpe4u?

. 3aqenr odpaSaruBarb y Al2O3 B rzclofi cpeAe [nfl ronyr{eHr4t

HaHopa3MepHoro IropoIIrKa 6ewura? Or KaKr{x r4MeHHo nprzvecefi

no3Bonre t uz6 asutbe fl. T aKafl o6p a6orra?

2. g.x.u., BeA.H.c. Hunau feoprufi louaronzu.

o Kaxoe aBropcKrrfi eKnaA B BbrrroJrHeHHyro pa6ory?

o Bonpoc K cnafi.4y 10, B Te.teHnH KaKoro BpeMeHr4 rrpoBoArrncs, cuutez?

. Bonpoc r cnafi4y 12, KaK ocyqecrBr-srcr P@A o6pasqon. B KaKVX

urMeHHo cnyqa-sx npacyrcrByror rrrrKrr 6errura u 6afreputa.

o B .Ie\a Hayr{Ha.s HoBr43Ha AaHHbrx no P@A?



3. r<.x.u., cr.H.c. Komqona TatsssaHhr<oraeeHa.

o B npeAcraBJIeHHbIX pe3ynbrarax P@A Her pacuzSponr<u [r4KoB, He

yr<a:auu hkl.

o B ezAe r{ero npr4cyrcrByror npr4Mecr{ rraerarroe?

4. g.x.u., 3aB. ta6. $zszr<oxnuuz 6aporepvrvqecKr4x npoqeccoB Lluwuryra

Merannyprl4z kr Mareprr€uroBeAeHrz.s r4M. A.A.EafiKoea PAH lla4alxo

Auarorufr feoprraenuu.

o XelareJlbHo 6oree uo4po6uo o[ucarb rerrnolpoBoAHocrb 14 rropt4crocrb

o 5p asqoe. Or .rero 3aBLrcr4T Tennonpono4uocm?

o KaKoea norpelrrHocrb onpeAeneHr,rr renJronpoBoAHocrrr ct4HTe3r4pyeMbrx

HaHOpa3MepHbIX IOpOIXKOB OKCT4AOB Lr fr4ApOKCrrAa aJrroMr,rHr{r 14

3aBI4CtrMOCTb nOJIytIeHHbIX pe3ynbTaToB OT BapLrArJLrU KOHrIeHTpar\Ur4

KOMnOHeHTOe?

o 9elr o6rs,cnsercq Ir3MeHeHr,re 3HaqeHr4s nnoqaAr4 yAenruofi

IIOBepXHOCTI4 14 IIOpI4CTOCTI4 HaHOpa3MepHbrX IOpOTXKOB OKCZAOB t4

rzApoKcrrAa alrrol.rrkrHnfl nptz repuzuecrofi Lr rr4Aporepvalurofi

o6pa6orrce?

5. 4.x.n., 3aB. rra6. TepMl4rlecKofo aHarrv3a 14 K€Lnopr4Merpw faepuuen

Koncranrrzn C epreeBr4rr.

o Bonpoc ro cnafi.gy 2. llpz QopvrynrapoBaHrlrr ocHoBHbrx noroxeHr,rfr

BbIHoczMbIX Ha 3aIIIrITy HyxHo cAenarb ynop ua Susur<o-x[Mr'rqecKtre

r4ccneAoB aHure czHre3rrpyeMbrx o6pasqon.

o flsrserefl rrvr cra6urrsubrM HaHopasuepurrfi y - Al2O3?

o B KaKr'rx aBToKJraBax Lr npr4 KaKrrx ycnoBr4flx rrren rr4Aporepvaruuufi

czHres?

o Kax coorHocr4Tcr cpe4nufi pa3Mep r{acrurl y Al2O3 v 6evwta

onpeAenenurrfi MeroAoM 3neKrpoHnofi uvr rcpocKorrr4r4 v pacuvtrrauHrrft

M eroAoM !e6 ar,-IJJepp ep a?



o Bonpoc no cnafiAy 7. Kaxoe pa3Mep cr4HTe3r4poBaHHbrx r{acrr4rl 6ewuta?

o Boupoc no crafiAy 9. Ecm nrr KoppenflIJufl. MexrAy pa3MepaMr4 rracrzu y -
A12O3 Lr rnvpvrHofi nuron ro pe3yrrbraraM POA?

o Bonpoc no clafiAy 16. llprane4eHHble repMorpaMMbr rpyAHorrr4raeMbr 3a

cqer r{x ue6onruroro pa3Mepa. Ha KaKoM npra6ope 6rrru npoBeAeHbr

TepMorr ccneAoBaHz-s? KaKosbr norepr4 Maccbr o6pa:qauz?

o Bonpoc ilo ctafr,gy 20. CornacHo AaHHbrM P@A peQnexcu unpoKtre.

Yr<axzre, noxaJryficra, r<aroft S*a oHIz coornercreyror?

6. 4.x.n., 3aB. rra6. SuszuecxHx MeroAoB r,rccJreAoBaHarfl crpoeHr,rf, 14

TepMoAr4HauvrKvr HeopraHlrqecKr4x coeAlrHeHuft - AttuxaH{H Au4pefi Cocoeuq.

o VroqHr{Te rroxatyitcra qenb Aansofi pa6orrr?

o flo flonoxeHr{Io 4, BbIHocr4MoMy Ha 3ar]Jury, yrorrHr4Te noxaryftcra

rlpl4cyrcrByer lrvr 3aBrlcl4Mocrb reMneparypbr kr AH rpeBpaqeHprt

AIOOH B Y - AlzO: or pa3Mepa KpkIcranJIoB Ir rzx uop$orornu?

l. ra6. nonynpoBoAHrrKoBbrx vr Ar4gneKTpr4rrecKr4x Marepr4anoB/. A.T.H., 3aE

B aczruee Mraxazn fpzroprenzu.

o flr.rqetcs rLr paspa6ora:e^:ts^stit MeroA [onyqeHz.s HaHopa3MepHbrx

noporxKoB oKcr4AoB aJrroMr4Hnfl, yHnBepculnbHbrrra ra 6urv rv nonyr{eHbr

HaHOp a3MepHbre rroporuKr4 Apyflrx oKcr4AoB Naerartrt os?

o r{eu onpeAenflercq Hr43Ka.rr reMrreparypa $asoeoro [epexoAa

HaHopa3MepHoro rroporxKa y - Al2O3 B HaHopasuepuufi noporxoK CI, -
A1203?

Ha nonpocrr 6rrrz AaHbr yAoBnerBopflrorqze orBerbr, 3aMer{aHr4s.6st:l.u yqreHbl.

BbICTVIII,IJIZ:

1. 4.x.H., zas. ra6. Attuxa:r^sn A.C.: pa6ora flBrrfl.erafl. AocrarorrHofi Arq npr4eMa

K 3arlrzre no cnerlr4albHocrr{ 02.00.04 - Sv:uuecKat xl4Mus. O4:aaKo, B roroxeHusx



BbIHocI4MbIX Ha 3aql4Ty Heo6xoAI4Mo cAenarb aKrIeHT Ha $usrzxo-xr4Mr4qecKyro

cocraBnrroqyrc pa6orrr.

2. A.x.u., r-rl.H.c. lauznon B. lI.: pa6ora f,Br.f,erc.f, Aocraroquofi 4l-a rpr4eMa K

3arllrre. O4uaxo, ueoSxo4zuo 6olee AeraJrbHo cKoppeKTr'rpoBarb rlenb pa6oru u

fIoJIOX{eHI4t BbIHOCVMbIe Ha 3aql4Ty B COOTBeTCTBVVT CO CnequaJrbHocTbro.

3. 4.x.n., sas. ra6. faepu.ree K.C. pa6ora qBrf,erc-f, AocraroqHofr Anr rpreMa K

3alII4Te. O4Haxo, cneAyer ycl4nr4Tb ucnoJrb3oBaHue $zszxo-xunauqecrofi

TepMl4Honorrrrr AoKnaArrl4xou. llo o6rerr,ry [peAcraBJreHHar pa6ora coorBercrByer

ypoBHro KaH4.v4arcrofi Avrecepr arJvrv.

4. g.t.tt., gas. ra6. Bacnmes M. f. pa6ora flBrrflerefl Aocraror{uofi 4,r-a npueMa

K 3alII4Te. O4Haro, 6olee AeriLIIbHo cneAyer BbrAenrrrb BbrBoAbr r paSore.

IIOCTAHOBVIIIVI

3acnyruae v o6cyAue Al4cceprarllroHHyro paSory CeN,reHoea E.A., rpuHqrb

cneAyroulee 3aKJrroqeHrre.

OTIEHKA B brrrorHEHHorz C OLrC KATE JrEM pAE O Tbr

[uccepralll4oHHat pa6ora CeMeuoea E.A. nocB-srleHa pa:pa6orxe $z:uxo-
xI4MI4rreCKI4X OCHOB ilpOqeCCOB nonyqeHI4-f, HaHopa3MepHbrx nopolxKoB oKcr4AoB 14

rl{ApoKctr Ia anrol'rrnnrax (6evruta) npu rr4Aporepualruofi r4 TepMr4r{ecxofi o6pa6orxe

crrHre3r4poBaHHoro HaHopa3MepHoro noporxKa y - Al2O3.

Als AocrtDKeHI4q IrocraBJleHHoft rlenr4 z3yrreHbr repMoAr4HaMr4Ka $asoeux

rpeBpaqenufi nanopa3MepHbrx noponKoB y - Al2O3 --- AIOOH; y - Al2O3 -+ o -
A12O3; AIOOH--+ y Al2O3---+ CI, Al2O3; 3KcneprrMeHrarlbHo onpeAeneHbl

repMoALIHaMI4qecKuIe napaMerpbl Qa:onux ilpeBparqenuia; paspa6oraH MexaHr43M,

fro3BoJlflrorluir onucarr Qa:oBbre npeBparqeHurfl rrpLr rrrAporeprr,raruuofi o6pa6orxe

HaHopa3MepHbrx nopolxKoB oKcr4AoB 14 fr4Apo Kcv4a aJrroMr4Ht4r (6euzra).

MeroA rl4Aporepuamnofi o6pa6orrr4 HaHopa3MepHoro nopouKa y - Al2O3 6rrn

nrr6pau Ha ocHoBa;r^npr roro, rrro B 3aBr4cr'rMocrr4 or pH cpeAbr, AaHurrfi MeroA

no3BoJl{er ronyqarb HaHopa3Mepurrfi noporxoK 6evura (AIOOH) pa:luuuofi



Mop$onorl4r4: z3oMerpl4rrecKofi, nororuzcrofi vr rrrracrvtr.rarofi. [zccepraHToM 6rua

I4ccJIeAoBaHa KLIHervKa npeBpaqeHr4fl npkr rrrAporepualuroff o6pa6orxe

crrHre3npoBaHHoro y - Al2O - AIOOH npu reMrreparypax l50oC, 170'C u 200"C

MeroAoM POA u I4K - cneKTpocKorrr{I4. lloKagaHo, rrro nonyrreHHbre r(r4Herr4rrecKr4e

Kpl4tsble yAoBnerBopl4renbHo anpoKcr{Mr4pyrorc-rr ypaBHeHr4eM EpoQeeea - Aepaavu.

Onpe4enena sHeprl4q a:rrTr4Barlw npoqecca, cocraBJrrrotuaq 84 rfx/iraolr, r{To

yKa3blBaer Ha cpaBHl4renbHyro JlerKocrb odpasonauzr qacrr4rl 6euura (AIOOH).

Mero4or,t ACK I4ccJIeAoBaH rrpoqecc npeBpaqeHprfl cr,rHre3apoBaHHoro

HaHopa3MepHoro nopolxKa y - A12O3 n AIOOH npz rrrAporepvalrsofi oSpa6orxe

npz 150'C e 1,5 Macc. o/o paueope HCI B rer{eHvr4 pa3Horo npoMe)KyrKa BpeMeHr4.

Onpe4eneHa eHr€urblll{fl vrcnape:nnfl BoAbr B ALrana3oHe revueparyp 60-120'C v

3Hrarrbrrr4s npeBparqeHLrfl AIOOH --+ T - Al2O3 B Arrana3oHe reMneparyp 450-600'C.

llonuxenr4e 3Har{eHr4q rerronoro eSSeKra npeBpaqeHr4fl AIOOH ----> y - AlzO:

coclaBrqer 7 rfx/uoru AIOOH, qro o6r-f,aHflercfl B ocHoBHoM pa3MepoM r{acr[r]

AIOOH. Onpe4eneHa 3Hrzlrbrrrrfl vailapeHnr BoAbr B Auarra3oHe reMrreparyp 60-

120"c AJr{ HaHopa3MepHofo rropolxKa y - Al2o3, rroABepfHyrbrx pa3HoMy BpeMeHr4

rnAporepvamuofi oSpa6orr<ra n 1,5 Maca. o/o pawvope HCI rpvr 150oC, Koropaq

cocraBrlf,er 8 xfN/MoJIb HzO, 16 x[x/uoru H2O, 22 r<!:xlworu H2O, qro yKa3brBaer

Ha Hanr{qr4e BoAbr c nrzsKofi renrorofi r4cnapeHrr-q. BrrqereHa ponb BoAbr c urzsxoft

retr"rrorofi vanapoovrfl B npoqecce rrlAporeprrraruuofi o6pa6orr<z HaHopa3MepHoro

loporuKa y - Al2O3. (DzsuKo-xr4Mr4r{ecKoe r4ccneAoBaHr4e npoqecca npeBpaqeH[q

HaHopa3MepHoro nopolxKa y Al2O3 ---+ AIOOH noJlox(eHo B ocHoBy

TexHoJrorra.recxofr exeMbr nonyrreHl4-s I{cxoAHoro cblpbq p.nfl npolr3BoAcrBa

refi xo can S rpu Mero,qoM Klapouyno c a, 3alrll4ulesnofi rr areHroM.

llpe4craeJreHHaq Ar4cceprarlr4oHHaf, pa6ora BHocrIT cyulecrBeuurtfi BKnaA B

paspa6orry Qr,r:uxo-xr4Mr4r{ecKr4x ocHoB npoqeccoB nonyqeHI4-f, HaHopa3MepHbIX

roporxKoB oKcr4AoB rI rI'I Ap o Kev4a aJIIoMI4HI4I (6 ennzra).



Arcrya.nsHocrb pa6orrr

CoeAzueuuq arrovrkrHvrfl, TaKrIe KaK oKor'rAbr v rr,rApoKcr4Abr, sBrrrorc.s

uaz6onee rxr4poKo pacnpocrpaHeHHblMl4 coeAl4HeHlzflMvr B npzpoAe. Oxcu4u 14

fr4ApoKcurAbr anroM[Hvrs. LrcTopl4qecKr4 rxl4poKo I4cnoJlb3yroTcq B npoMb[rrJreHHocrl,r,

flBrrflflcb ocnosofi pa3nr4rrHbrx o6racrefi rexHzrra. B conpeMeHHbrx pa6orax yAen{ercq

6o,rrruoe BHr4MaHrre parpa6orKe HoBbrx MeroAoB nonyr{eHr,rq HaHopa3MepHbrx

noporxKoB oKcrIAoB r4 fr4ApoKcr,rAoB aJrroMrrHrrfl a 3a4aljHbrMkr xapaKTepvQTVKaMV, rrro

rro3BoJrrer pacrxr4prrb cyrqecrByroque r4 orKpbrBarb HoBbre o6nacrli npr.rMeHeHkrt

AaHHbrx Marepr4anoB. Tax, HaHopa3Mepurrfi nopolxoK 6erunra (AIOOH) IxI4poKo

npl4MeHrerc-s B MeAr4III4He: 3axrr4Br-f,rorqve rroBt3KI4, aHTI4cefITI4K, cop6eur rnfl

rrourouleHr{.fl Br4pycoB vr larclepufr; v xraMra.{ecrofi v ue$rexzunqecr<ofi

npoMblrxneHHocrlr: copSenr Alr-fl r43BnerleHrl.a IIeHHrIX MerzuIJIoB I,I3 crorIHbIX BoA

npoMbrrxneHHbrx rrpeAnpkrf,rufi, n Kar{ecrBe rIpI4caAKuI K MacJIaM, B rlpou3BoAcrBe

Serona, aHrr.rnupeHoB r,r Ap. HaHopa3MepHblfi noporuox y-Al2O3Irrl4poKo npl4MeH.[ercr

B npor43BoAcrBe Kara[H3aropoB, B KarlecrBe unacrra$l{Karopa, B Kar{ecrBe ocHoBHoro

KoMrroHeHTa nnfl nonyqeHur Kpr4crannoB YAG-nasepoB, npu Bblpaql4BaHvrvr

r4cKyccrBeHHbrx AparorleHHbrx KaMnefi. u Ap. Hanopa3MepHblfi noponoK o, - A12O3

rrpr4MeHrercfl. [ns. co3AaHru BbrcoKorrJroruofi HaHoKepaMI{Krr c Husrofi TeMneparypofi

creKaHz-s, npo3par{nofi repaMlrKrr, npl4 co3AaHrrI,I noAJIoxeK MrrKpocxev z AP.

Passurue conpenreuHofi HayKr4 vr rexHr{Kr4 B Ha[paBneHI4Ir LlccneAoBalnlr.fl

cBoficre HaHopa3MepHbrx [oporxKoB oKcr{AoB u rvrApoKOI4AoB €uIIoMI4HI4t flo3Bor.ser

orKpbrBarb HoBbre o6lacru nplrMeHeHrlfl AaHHIIX MarepI4aJIoB. Tax, ycrofiuunrre

CyC[eH3[I4 HaHOpa3MepHbIX nOpOIxKOB OKCI4AOB aJIIOMUIHLIfl B pa3nnqHEIX X?I.qKOQT'X'

Ha3brBaeMbre HauoQnrovrqaMr4, nporBnrlor HeKoropble orlrv.r^krfl. B cnoficraax no

cpaBHeHr4ro c raSlaqnrruu 3HarreHr4-rrMlr rIrIcrbIX xu4rocrefi (nanpzuep,

Tenno[poBoAHocrr4, Bq3Kocrrr). B Hacrotlqee BpeMfl pocr I4HTepeca K uccneAoBaHl{}o

TerrJrorbr r4cnapeHlrfl BoAbr o6ycnorneH oKoHoM[.Iecxofi cocraBJltrorqefi npol43BoAcrB.

3nexrpouHue npr.r6opbr reHepr4pyror orpoMHoe KoJluqecrBo reIIJIa B oKpyxatoulYrc

cpeAy, KoTopoe npprBoAr4T K CHr4)KeHr,rrO IpOI43BOAI4TeJIbHOCTI4 V CpOKa CnyN6U

o6opylonaHvrfl\ rrooroMy eSQerrunHoe oxJIaxAeHI4e reIrJIoBbIX IIoroKoB tBrqerc.f,



aKTyaJIbHofi 3aAarlefi coBpeMeHHocrrl. O6uqnue re[noHocl4TeJrr4, TaKr4e KaK BoAa,

MacJIa, TJIIIKOJILI v SropyrnepoAbl 3a crrer ceoefi HzsKofi Tenno[poBoAHocrr4

o6la4aror orpaHl4r{eHsofi Tennonepe4auefi. TorAa KaK Infl uano$nror4AoB c

pa3nI4qHbIMU HaHOr{aCTr4rfaMV, B TOM qr,rCJIe Lr C HaHOqaCTI.lIJAMl/l OKCI4AOB 
't

fI4ApoKcI,IAoB alrroMr4rlr4fl., xapaKTepHo Ia3MeHeHI4e relrJroBbrx ceoficre v Mo)Ker

ua6nro4arbcf, yMeHbIrIeHI4e reMneparypbr u rerrJrorbr rrcnapelkrfl BoAbr. O4Har<o e

Hacro.f,qee BpeMt 4annrtfi napaMerp Anfl uauoQnror4AoB no46upaercx

3KclepI4MeHT€uIbHo BcneAcrBl4e orcyrerBr4fl eAzsofi Qusur<o-xr4Mr4rrecKofi rrao4elz,

lIo3BOJItrO[Iefr OUZCarb MeXaHI43M CHrr]KeHI4r 3HaqeHVr TeIIJIOTbT I4orrapeHl4t BOAbr I43

nauo$nror4AoB.

ZsNaeHeHI4e 3HaqeHrrt repMoAl,rHaMrrrrecKr4x Synxqzfi, TaKr4x KaK yMeHbrxeHr4e

3Har{eHVq reIIJIorbI vcilapeHLrt BoAbr r4 yMeHbrrreHlre 3Har{eHI4r rerlJloBoro e$$ercra

$asonrrx npenparqeuufi, xapaKTepHo H ToJrbKo Anfl nauoQnror4AoB, Ho v rnfl

TBepAbIX BeIIeCTB B HaHOpa3MepHOM COATOflHT4Id. B r{acrHocrl4, '3To 
-f,BreHl4e

rr{Aporepvalruofi o6pa5orrce

aJrroMrrHr4r (6evuara). @rasrzxo-

lonyrreHr4e HaHopa3MepHbrx

rpo-flBn{ercr npr4 Sasonrrx npeBpaqeHnflx rrpr4

HaHopa3MepHbrx noporuKoB oKcr4AoB 14 fr4ApoKcr4Aa

xl4Mr4r{ecKr4e ocHoBbI npoqeccoB, onpeAeJl{lollu,Ix

MarepzanoB, rlpeAcr BJItror saxHefiuyro HayqHyro upo6neMy, peueHr4ro rcoropofi n

Hacrof,qee BpeM-s nocBruleHo 6omruoe qr4cJro pa6or. Hecuorps na 6olrrulre yonexu

n 4auuoft o6nacru, K Hacro{IrleMy BpeMeHI4 npoSnerraa He Mo)Ker cr{r4Tarbct

pelxeHHoit u IuccepraIILIoHHar-paSora npeAnaraer nosrrfi rr AXoA K ee peueHr4ro.

fraccepralll4oHHa.rr pa6ora nocBsrleHa paspa6orxe $usuKo-xr4Mr4qecKrrx ocHoB

npoqeccoB nonyr{eHl4.f, HaHopa3MepHbIX noporxKoB oKczAoB vr oKclrftrApoKcprAa

aJIIoMI4HI4fl (6enrzra) npr4 rl4Aporepuamsofi 14 repuuvecxofi o6pa6orxe

cl4Hre3uIpoBaHHoro HaHopa3MepHoro noporxKa y-Al2O3.

Ile"rrr pa6oru

PaspaSorxa Q 14 3 I4KO -XUMI4 rle CKI4X ocHoB npoqeccoB noJlyrleHI4f,

(6enrrzra) npuHaHopa3MepHbrx [opoIIIKoB OKcI4AOB 14 OKCr4fr,rApOKCr4Aa anrOMLrHVfl



rlrAporepManbHof 14 TepMur{ecKofi o6pa6orxe cl4HTe3r4poBaHHoro HaHopa3MepHoro

ropolxKa y-A1203.

{nr 4ocrkDKeHnfl rrocraBJreuuofi qenu perxanr{cb cneAyroruve 3ail qv

1. Zccre4onaHr4e B3ar4MHbrx npeBpallenufi HaHopa3MepHbrx [opoiuKoB y-

Al2O3 +- AIOOH npra rl4Aporeplramofi v repMl4trecrofi o6pa6ol<e v pa3pa6orra ua

vx ocHoBe onrHMaJrbHbrx napaMeTpoB npoqecca, no3BoJrrroulefo [onyr{aTr,

HaHopa3MepHbre noporxKr4 oKcr4AoB r.r oKcrrrrrApoKcuAa zurroMrrHr4a (y-Al2O3, o,-Al2O3

z AIOOH (5euur)) c pa3MepoM r{acrr4rl B Ar4ana3one 10-40 una.

2. Zccle4onatne repMoAr4HaMr.rKr4 Qasonrrx npenparqeHr.rfi

HaHopa3MepHoro rroporxKa AIOOH (6euura) B HaHopasuepuufi roporxoK y-Al2Oj Ha

pa3Hbrx 3rarrax rr4Aporepruamnofi o6pa6orr<r4 r4cxoAHoro npeKypcopa MeroAoM ACK.

BusereHr4e ponu BoAbr c Hzsxofi renrorofi ucnapeHr,r{ B npoqecce rrrAporepnramuofi

o6paSorr<2. Onpe4eneHl4e 3HraJIbfII4rr npeBpaqeHuq AIOOH -t y-A12O3 B [vdrrat3oHe

reMneparyp 450-600"C.

3. I4ccre4onaHne KVHerzKrr npeBparqeHr4fl rrpkr rr4Aporepvamuofi

o6paSorr<e cr4Hre3LrpoBaHHoro y - AlzO: -- AIOOH npr,r reMneparypax 150oC, 170"C

u 20 0o C . Onp e4en e H pr e 3 H ep rw a:rrT:r'BarJvrv np oqe c c a.

4. Zcc,re4ona:nre MexaHr43Ma npeBpallenzff HaHopa3MepHbIX [opolxKoB T-

Al2O3, AIOOH e cr-A12O3 npl4 repMuqecr<ofi o6pa6orr<e.

5. @vguxo xr4Mr4rrecKoe r4ccneAoBaHue crrHTe3npoBaHHbIX

HaHopa3MepHbIX nopolrrKoB y-Al2O3, u-Al203, AIOOH (6eruzr). Onpe4eneHze

o5r acre fi [pI4MeHeHI4q rtonyqe HHIIX MareplaanoB.

6. PaspaSorKa HoBoro MeroAa nonyrreHuq HaHopa3MepHofo nopolxKa T-

Al2O3 u OnpeAeJIeHIIe ero cTpyKTypHbIX 14 reXHoJIorHqecKI4x csofrcrs.

Hayuuar HoBr{3Ha pa6orur

B paSore BnepBble:

1. flpe4noxeH MexaHr43M, rro3Bonqrcq[fi onucarb Qasonue rpeBpauIeHllt

frpr4 rr4AporepnralrHofi o6pa6orr<e HaHopa3MepHbIX [opolxKoB oKcI4AoB 14

u4ApoKcr4Aa anroMkrHvrfl (Seurzra) r4 BbltBJlf,rorquft ponb BoAbI c HI43KI4M 3Har{eHI4eM



TerrJrorbr vrarrapeHvrfl B npoqecce rr4AporepManbHofi o6pa6omu HaHopa3MepHoro

ropolxKa y-Al203.

2. Zccre4onaHnpoqecc npeBpaqeHr'r-rr curHTe3urpoBaHHoro HaHopa3MepHoro

noporxKa y-Al2O3 e AIOOH ilpr4 reMrreparype rrrAporepvamsofi o6pa6orr<z 150"C e

1,5 uacc. o/o pac'ryope HCI B TerreHr4e pa3Horo npoMe)KyrKa BpeMeHr4.

3. Onpe4ereHo 3Har{eHrre oHraJrbrrrru rpeBpaqetvrfl, AIOOH ---) y-Al2O3

MeroAoM ACK B l:aar^a3oHe reMrreparyp 450-600'C. lloKasaHo, r{ro rroHr.rxeHr4e

3Har{eHrrr rerrJroBoro e$Ser<ra npeBparrleHr4_f, AIOOH --- y-Al2O3 or ra6Jrr{qHoro

cocraBr.f,er 7 x[xlMoJrb AIOOH, .rro o6rscHrerctr HecoBeprxeHcrBoM crpyKrypbr 14

p a3Mep oM r{acrr.ru cr4Hre3r{poBaHHoro 6 etru'r a (AIOOH).

4. Onpe4eneHo 3HaqeHrre gHTarrbrrulz. I4clapeHrr.rr BoAbr MeroAoM ACK e

Anana3one reMrreparyp 60-I20"C n3 cMeclr Sut y-Al2O3lAlOOH, r(oropoe B

3aBr4cr4Mocrr,r or BpeMeHrr rl4Aporeprr,rarusofi o6pa6orr<v y - AlzOt cocras,'Lf,er 8

xfx/uonr H2O, 16 r<lx/naom H2O, 22 x[xlwroru H2O, r{ro yKa3blBaer Ha Ba)KHy}o

ponb BoAbr c Hr43KI4M 3Har{eHr,reM Te[JrOTbr r4cnapeHl4fl. Ha HaqaJIbHbIX 3TaIIaX

rr4Aporepualr,sofi o6pa6orru HaHopa3MepHoro nopolxKa y-Al2O3.

5. Zccle4onaHa KrrHerrrKa npeBpauleHvrs, trpv rr4Aporepruaruuofi oSpa6orr<e

cr4Hre3r{poBaHHoro y-A12O3 + AIOOH npu reMneparypax 150oC, 170'C u 200"C u

o[peAeneHa 3Heprrrq aKTr4Barluz npoqecca, cocraBn{}oqaq 84 r<lx/nronr.

6. PaspaSorauu Qu:rrKo-xr4Mr4rrecKr.re ocHoBbr HoBoro MeroAa [onyr{eH[r

HaHopa3MepHoro rlopolxKa y-A12O3, 3aKJlloqaloquec{ B cMeIIreHI4I4 Kl4nqulero

HacbrrrleHHofo pacTBopa fJrroKo3br c oKcr4xJropl4AoM aJIIoMI4HI4fl v [ocneAyrotul{M

rrporpeBoM rrpoAyKra npl4 reMneparypax 350"C tr 800'C

HaHopa3MepHoro rlopolxKa y-Al2O3.

AO QopMr4pOBaHVfl

7. O6ocuonaua Bo3MoxHocrb r4cnoJrb3oBaHprfl. aeroxraeHofi o6pa6orxu

cMecr4 HaHopa3MepHoro rroporxKa y-A12O3 (ao 1 uacc. %) pr KoMMepr{ecKoro

rr4Apaprr4nrrvra MapKrr MA|A (AI(OH)3) c nocne4yrorqefi repMur{ecxoft o6pa6orxofr

ao 1700"C Arrx nony.ueHLrs. KepaMr4qecKoro rpeKypcopa c nJlorHocrblo 3,45 rlcrvr' An,

cr4 Hre3a reftrocauS"pu.



flo.noxceHrrq, BbrHocrrMbre Ha 3arrlr{Ty:

1. MexaunsN{ Qa:onrrx upenparqeHzfi rrpr4 rr4AporepManbuofi o6pa6orxe

HaHopa3MepHbIX nopolxKoB oKcI4AoB r4 rr4ApoKau4a aJrroMr4Hr4x (6elrrara) rz pont BoAbr

c HI43KI4M 3HatIeHueM TerrJlorbl r4cnapeHr4fl B rrpoqecce rr{Aporeplaalrsofi o6pa6orr<ra

HaHopa3MepHoro noporxKa y-A12O3.

2. Pesymrarbl I{ccJIeAoBaHr4fl rlpoqecca npeBparqeHr4s. cr{HTe3r{poBaHHofo

HaHopa3MepHoro noporxKa y-Al2O3 s AIOOH npl4 rllAporepManbnoft o6pa6orKe e

cpeAe c pa3nur{HbrM 3HaqeHr.reM pH cpe4u.

3. Pe:ymrarbl I4ccJIeroBaluprfl npoqecca npeBpaqeHr4f, cr4HTe3r4poBaHHoro

HaHopa3MepHoro nopolxKa y-Al2O3 e AIOOH nprl reMreparype rr4Aporepvalruofi

oSpa6orxz 150"C e 1,5 Macc. Yo pawyope HCI B reqeHrre pa3Horo npoMexyrKa

BpeMeHIr. Onpe4eneHze 3HaqeHufl 3HraJrbrrr4r4 npeBpaqeHraf, AIOOH --- y-Al2O: rpu

repMl4r{ecxoft o6pa6orre B Al4ana3oHe reMneparyp 450-600'C z sHa.{eHr4r 3HraJrr,ilvkl

vcnapeHtla BoAbI B Ar4arla3oHe reMrreparyp 60-120"C r{3 cMecr4 Qa: 1-AI2O3/AIOOH

Me'roAoM ACK.

4. Pesymrarrr zccneAoBaH:zfl Kr4Herr{Kra

n4Aporepuarluofi oSpa6orre cr4Hre3r4poBaHHoro y-Al2O3 --> AIOOH rpa

reMreparypax 150"C, 170"C u 200oC. Onpe4eneHr{e oHeprvrvr aKrvrBarJm rrpoqecca.

5. Paspa6orra $u:nr<o-xl4Ml4rrecKrrx ocHoB HoBoro MeroAa [onyr{eHta.s

HaHopa3MepHbrx roporxKoB oKcr{AoB arrroMuHvrfl. Lr 6ewura (y-A12O3 , o,-Al2O3 vr

AIOOH) c 3aAaHHrrMu ceoficrBaMr{: pa3Mep rracrr4rl B Ar4aua3oue 10-40 nu, HvrcKafl

Terlno[poBoAHocrb, H743Kafl. HacblrlHat flJlorHocrb, BblcoKaq nno[]aAb yAe,lruofr

noBepxHo c'tl,I vr rropHcrocrb.

6. PaspaSoma odnacrefi npuueHeHr4s cr4HTe3r4poBaHHbrx HaHopa3MepHbrx

froporxKoB oKcr{AoB a-rIoMZHux u 6ewura (y-Al2O3, o-Al2O3 u AIOOH).

flparcruvecKafl ueHHocrb :

I
I

o6pa6orre

(6euzra) vt

Paspa6oraH MexaHr'r:u Qa:oBbrx npeBparqeHrzfi nprr rrzAporepualrHofi

rpeBparqeHr4r rpr4

HaHOpa3MepHbIX IOpOIXKOB OKCT4AOB Lt OKCr4fr4ApOKC[Aa ArrroMVrHrlfl

BbrqBreHa ponb BoAbr c HI{3KI4M 3HarreHueM TenJIoTbI LlcllapeHkrfl B



rpouecce rl{AporepMa-rbHofi o6pa6orr<n HaHopa3MepHoro noporxKa y-Al2O3, r{ro

plMeer Ba)KHoe npaKTl4r{ecKoe 3HaqeHr,Ie [pII co3AaHLIu HoBbIX a^ITOMOOKCT4AHbIX

MaTep14anoB.

2. PaspaSoranu SrasI,IKo-xI4MI..rqecKue ocHoBbr HoBoro MeroAa [onyr{eHr4q

HaHopa3MepHoro nopolxKa y-Al203, roropufi MoxteT 6rrrr r4c[onb3oBaH l.nfl

co3l.aur4fl TenJIorI3onvpyrcrqux crpor4TenbHblx rraHeJlefi, HoBbrx orHeynopHbrx

Marepl4€LnoB, TenJIo uI ofHe3alllut]Flort oAex{Abr, AJr.rr rennovr3orrflr\vv rpy6oupoBoAoB, B

Kar{ecrBe rpeKypcopa [nfl nonyrleHu.fl HaHopa3MepHbrx [oporxKoe AIOOH (6enrrara) a

cr-Al2O3 Lr Ap. llonyveH rareHT PO <Cnoco6 nonyrreHr4r HarroJrHr.rrelefi Ant

crpovrenbHbrx MarepuanoB)) HoMep RU 2625388.

3. Pa:pa6oranu SrzsI4Ko-xI4MI4qecKr4e ocHoBbr HoBoro Meroxa [onyr{eHr,rq

HaHopa3MepHoro nopolxKa A1OOH (6eurara), roroprrfr Moxer 6urr r4crroirb3oBaH B

pexreHl4l4 eaxHefiIl]ux coBpeMeHHbIX 3aAar{: BoAoor{vcrr<a (cos4aHkre $ranrrpoe 4lr
or{I4crKI4 nurreeofi 14 TexHrrr{ecrofi BoAbr, yA€ureHr{e r-sxerbrx Mer€urJroB I4s 6trrosrrx

14 rIpoMbIIxneHHbIX cror<oe); MeAr4ur4Ha (y4areuue, BbrAeJreHr4e 14 KoHueHTp ar\r|fl

BripycoB, co3AaHI4e 3axlIBJlqroqux nonx:ox); xzMr4r{ecKa.f, rrpoMbruneHHocrb (e

npor{3BoAcrse SeroHa, aHrLrfrr4peHoB, naKoKpacor{Hbrx r.I AeKoparr4BHbIX Marepr4aroB,

KaK HarIoJiHIzTeJIb B rrJracrMaccax, 6yvare, KoMno3r4rlrroHHbrx Marep[anax, B KaqecrBe

KaraJrr43aropoB 14 Hocrrrenefi) u 4p.

4. OSocuoeaua Bo3Mo)KHocrb r4crroJrb3oBaHnfl asroxraeHofi oSpa6orxr,r

cMecl4 HaHopa3MepHoro nopoluKa y-Al2O3 (ao 1 uacc. %) v KoMMepqecKoro

rl4ApaprrIIrvrra MapKI4 MA|A (AI(OH)3) c nocre4yroqefi repMlrqearofi o6pa6orxofr

ao 1700"C An-a nonyr{eHuq KepaMzqecKoro rrpeKypcopa c nnorHocrbro 3,45 rlcr,rt An"

evHre3a refirocan$"pu. llorryuen nareHT P@ <Cnoco6 nonyqeHvrfl KepaMr4rrecKoro

npeKypcopa 4.nn cr{Hre3a refrxocan$rpu, HoMep RU 2622133.

JluqHurfi BKJIaA aBTopa. B ocnony Arrcceprarlr{r4 nonoxeHbr pe3ynbrarbr

HayLrHbrx r4ccneAoBauuit, BbrnoJrHeHHbre HerrocpeAcrBeHHo aBTopoM 3a BpeMq yve6u

B saoquofi acnr4paHrype B neprroA 20f3-20I8 rr. B ta6oparopuvt



nonynpoBoAHrrKoBblx kr ArroneKTpt4rrecKr4x MarepnanoB Vluctutyra o6rqefi vr

HeopraHn.recxofi xr4MLrv rau H.C. Kypuanoea (I,IOHX PAH).

JIa.{HrIfi BKnaA Al4ccepraHTa 3aKnror{arc-f, B nnaHrzpoBaHr4r4 14 [poBeAeHvrv

gKcneprrMeHTa, rloAroroBKe, vrcy.ueHkrpr xapaKTepr4crzrK 14 ceoficre o6pasqon,

o6pa6orre nonyrreHHblx pe3ynbraroB, ux r{HTepnperarJr4vr, Harvca:nm crateit u

II,lAeepTarJvrr4.

CneqHalbHocrb, rcoropofi coorBercrByer Ar{cceprauuq:

[zccepraunq CeN{eHoBa E.A. coorBercrByer racropry cnerlr4€urbHocrr4 02.00.04 -
Sn:uvecx afl xvl.r'r4fl B cneAyrollr4x nyHKTax:
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