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oQnUna.nbuoro o[rroHenTa Ha ArrccepTallrloulryn pa6ory Hu€sona X.X.

<<@nc56o-xrry11qecKrle cBofi crBa c[JraBoB oco6o qucroro aJrloMrrHrrfl MapoK

AKI u AKlMll c peAnoseMeflbHbrMn MeraJrJraMrD>, flpeAcraBJreHlryrc Ha

cotrcKarrne y.r6nofi grenenu rcaHArrAara rexHrrqecKrrx HayK no

ctrequanbnocTrr 05.02.01-Marepna.noBeAeHue (n uaun nocrpoennn).

flpe4cranneHHafl K sarrlrrre AlrccepralluoHHaf, pa6om colrcKarers Ffu€sosa

X.X. rBrsercfl o6o6qesneM 3Harrr,rreJrbHoro o6reua 141 crpanrutr, BBeAewus,,4'x

rJraB, 33-pucynroy,64- ra6mq vr cnrlcoK Jll{reparypbr 9?-sauuenosaHufi

BbrrroJIHeHHED( IIM lrccJregonanufr, B Koropbrx H3)nraJlocb repMoAlrHaMurlecKl{e E

SJISKTpOXIIMIIIIeCKLIe CgOftCrSa aJIIOMIIHHeBrIX CIIJIaBOB, I'I rrpoqeccnx oKHCJIeIIIftf,.

Cpe4u MerEUrJrI{qecKr.D( Marepr{anoB €IJIIoMHHHeBIIe crrJlaBbr H€IxoMTct B AarIHoe

BpeMs Ha BTopoM Mecre nocJre crzulefi no o6relry npou3BoAcrBa u I{cnoJlr3oBar;r.lr

B conpeuennofi TexHrrKe. Cruanu Ha ocHoBe BblcoKorlucroro ELIIToMLTHHx,

no3HaHue HX npupolhr, crpyKTypy u cnoficrsa no3BoJltlor pe3Ko H3MeHI{TI

sKcnJryararluoHrryro xapaKTepucrr{Ky npu6opon }r gJIeKTpoHHbrx cxeM B JrfrruFo

cropoHy, a raKxe cJryxar LrcrorrHHKoM AJrt paclunpennr coepbl npHMeHeHI,tt

BrICOKOTIITCTOTO €IJITOMHHLLf, B pa3nuqnrrX O6naCTfl( HayKu H TexHulrn, a s Ao6asor

pacKpbrBaer r{x HoBbre csoficrna. B cBfl3u c grrrM pa6ora cBfl3aHHaf, c

HCIOJIb3OBAHHCM LIHOBUIIIHOHbD( BbICOKOIMCTbIX €IJIIOMI,IHI'TEBbD( CTIJIABOB,

flBJrflerct aKTyalrbuofi rn cnoenpeuennofi.

OcnosHblMr,r JIerupyou{HM}I giIeMeHTaMlr B gTlrtx cIrJIaBax tBJrtrIorc{: MeAb,

rperraHufi, uan*rfi, rIrrHK, MapraHerl H HeKoTopbre Apyrue nepexoAHble MeT€IrIJIbr.

Oco6eusocrblo €urIoMHHEeBbrx crf,llaBoB' H3)..reHHhD( a pa6oror Hndgoea X'X',

flBIlcrocb ro, rrTo B KarIecTBe nenrpyrcul,rx Ao6aBoK B H}D( [pucyrcrBoBarlu

peAKo3eMeJrbHble gJIeMeHTbI, BJIIT.flHHe KOTOpbTX rra aJIIOMlrHrreBbrx crIJraBoB elqe

HeAOCTaTOqHO H3)trreHbr, 14 KOTOpbre MoxHo paccMaTpI,IBaTb KaK p$epB Nts.

co3Aanr{.fl HoBED( KoMrro3LIqHoHHbrx Mareprr€uloB Ha ocHoBe oco6o.rucroro

€urroMllHlrf,, lrMeK)rrtrID( IIo cpaBrleHuro c r{sBecTHbIMI,[ MaTepHaJIaMH o[peAeJIeHHSIe



rrper4lvrytrIecrBa.

MaTepHaJIoB, HO

flpu STOM IiiIA co3AaHlilf, He ToJIbKo KoHCTpyKIIHoHHbx

MaTepIIEUIOB co c[eqI{aJIbHbIM}I SnrnrcO-xllMI'ttIecKLIMI'I

cBoficTB€tMI{. IJrfl HHHSBaIIHSHHLIX MaTSpIIEUIOB KaK KoHCTpyKqHOHHbIx u

BHeKoHcrpyKrluu, 6olrruoe 3HarreHue nMelor raKue xapaKTeprrcrlrKl'I' KaK

oKgcJrfleMocrb, Koppo3noliHafl 
"crofiKocrb Lr'"gJleKTpoxuMl'[qecKoe noBeAeHrre B

/
pasrnrrHbrx cpeAil. flolyrennue AlIccepTaHToM pe3yJIbTaTbI OyAyr

cnoco6crBoBarb p6pa6orKe HoBbrx MoIIa$HqI,IpoBaHHbIX €uIIoMHHr{eBbrx c[JIaBoB

r{a ocHoBe oco6orrr{croro aJrroMrrHu{. AIr coBpeMeHHoft TexH:,/,ffuvr ycuerlrHoit ttx

3KcrrnyaTaI\vM, I,IccJIeAoBalufl, Hpt€gona X.X. ecTb o6o6qennue HM B

r,rHAyKIIuOHHofi HafIHO-UpaKTIFIecKofi AuccepTaqHI'I u cneAyeT CqI'ITaTb BeCbMa

aKTy€IJIbHbIM.

,{raccepraqlrx Hattucarla raK, KaK gro odbr.ttro ilpl,tHflTo Ha coucKaHl4e )rrreHorl

CTeneHlI KaHAI'IAaTa T€XHI{II€CKIID( HayK' Ona mffo.raer B ce6s JIHTeparypHbIM

o6eop B KoropoM KpHTr,[rrecKH paccMarpl,IBaercs B AocraroqHoM o6reue co

ccbrJrKaMg ApyrrD( uccne,qoBaTeJlefi, I4MeuqI[x oTHoIueHHe K 3Toft pa6ore n n

qeTbrpex IJIaB B KOTOpbIX npeAcTaBJIeHbI HCCneAOBAIJIdfl' reMrepaTypHoLI

3aBprcr{Mocr6, TenJroeMKocru }r repMoAr{HaM}rrIecKLIX Qynrqufi c[JIaBa AK1M2 c

peAKO3eMeJIbHbIMlI M9TZIJIJI€IMII, a TaKXe LICCJIOAOBaHHfl' KHHOTUKI{ OKIICJIeHnf,'

nerrrpoBaHHbrx P3M cruraBoB AKl 14 AKIM2 Ha ocnoBe oco6o tlllcroro

aJrroMrrgr{f, rr Koppo3HoHHO-3JreKTpOX}IMTeCKOTO IIOB€A€HIIfl yKa3aHHbIX CTIaBOB,

B Hefirpanrnofi cpe.qe oneKTponuTa NaCl u ycraHoBJIeH ArIarI€BoH lrx

JrerrilpoBaH[s. 3aKaHq]IBaeTcfl ALICCepTaIILIA C BbIBOAaMU.

. Oco6o eg)lgoe 3HaqeHlre B r{ccJreAoBaHl{.tx Hu€soerru X.X. 6ruu llo]rfreHl{

Ha)rqHbre pe3yJrbrarbr, cpeAH Koropblx cneAyer orMerurb cJreAyloqee.

Asropou ycraHoBJrenbr 3Haqenus,3aBl{clrMocr}r yAeJrbHofi TerrJIoeMKocrI'I }I

H3MeHeHlrfl TepMoAlrHaMlrrrecKax Synrqufi (eHranrnr,Ix, gHTponl{fl u gHeprut

fra66ca) B 3aBgcrrMocrr{ or reMrreparypbl rrpl,I JIerHpoBaHuu cKaHALreM, rITTpI4eM'

rpa3eoAlrMoM r{ HeoAr4MoM cnnaBa AK1M2 or reMrleparypbl (npu, 300-900K)' a

TaK)I(e 3aBUClrMOCTb XapaKTeprrcTI{K OKHCJLfleMOCTH €LIK)MI4HIIeBbIX CIIJIaBOB C
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peAKo3eMeJmHbrMH MeraJrJraMu ( Sc, Y,Pr, Nd,), B TBepAoM B €tJrarpo[HoM

cocrotHrru B IruIpoKoM AlIan€BoHe reMrreparyp r,r KoHrleHTpa\uft. Onpe4elexrr

KHHerr+recKHe xapaKTepHcrHKH npoqecca B ocHoBHoM LrMercrrIHX

rranep6o.nH.recrHfi xapaKTep B Sasororvr cocTaBe rrpo.ryKToB oKr{cJreHr{fl

Io3BOJUIIOIqIIX rIOHf,Tb AX ponb B OKr{CJreHr.rr.r Jrerl.Ipyroqllrx Ao6asorc. Ycranomenrr

3€U(OHOMepHOCTH I{3MeHeHI{fl 3TrIX XapaKTep}TCTHK OT COAepX(AHWfl. TeMrrepaTypbr r,r

Jlerlrpylolql[x gJreMeHToB. flony.renHbre AaHHbre cyqecrBeHHo pacu]rprer 3HaHrr.fl

o6 oxncneurlu aJrIoMI,tHrIeBbIX c[JraBoB Ha ocHoBe oco6o.r]rcroro alroMrrHr{r tI

Ba)I(Ha Anfl npalcrntlecKoro ucrroJrb3oBanr4s. cIrJIaBoB. Cle4onareJlbHo colrcKareJlb

npurueJr K cneAyrorrlHM ocHbrJro BbrBoAaM:

1) cyrqectBeHHbrM BKJIaAoM B HayKy rBJrrrorcr rzrrcKe orlpeAeJreHHbre B

pa6ore AuccepraHTa Ha ocHoBe gKclepI,IMeHToB TenJroBbre u repMoAlrHaMr.FrecKue

cBoIICTBa CIJIaBOB H3)ruIeHHhIX COr{CKaTeJIeM CHCTeM CrrrraBOB EurK)MnHr{fl C

peAKo3eMeJIbHhIMH MeTEUTJI€IMI,I, TaKI{x csoficts KaK TeruIoeMKocrb H 3HTEt"IIbrII,tt

o6pasonauut coeAunenufi a.JIK)MLrHlrr co cKaHAHeM, HTTptreM, rrpa3eoAnMoM r{

HeoAI4MoM. BHsnneHbI olpeAeJIeHHbIe 3aKoHoMepHocrl,t B r.BMeHeHr{r,[ 9HT€urbrruH

or cocraBa coeArdHennfi .

2) cyIqecrseHHufi uayruufi rrHTepec npeAcraBJrrer raroKe aH€rJrH3 vr

BblflBrIeHHbIe rIpH 9TOM XapaKTepHCTHKy 3aKOHOMepHOCTH KIrHeTr{rreCKOrO Vr

sHepreruqecKoro npoqecca oKr{cJreHr{r crrJraBa AK1M2 Ha ocHoBe

paspa6oraHHoro oco6o qucroro arlK)MrrHr{f, MapKr.r A5N c peAKo3eMeJrbHbrMH

METAJIJIAMH.

. 3) Ba)KHIIM c HafrHo-rrparrn lecrofi ToqKr[ 3peHr,rs .flBJrrrorcf,, TaKxe

pe3ynbrarbr noreHrll4oAr{HaMr{rrecKrrx uccneAoBarunit rroBe,{eHl{f, aIIroMrrHr{eBbIX

cITJIaBOB, CoAepI(arq[x peAKo3eMeJrbHbrx MeraJrJroB B cpeAe SneKTpoJrrrra

xJlopHcToro Harpl{fl parnnrnofi KoHIIeHTpaquu. VcraHoeleuo, BJrtrflHrre

XJIOpI'IA-I,IOHa Ha sJIeKTpOXI4MrrrreCKHe XapaKTepr,rcrr4Kn JIeruIpoBaHHOrO P3M

cnJIaBa AK1M2 u noKuBaHo, qro cHIfDKeHr{e KoHrIeHTparIHr,r xJropr,rA-r,roHa



yI!{eH6IUaer cKopocrE xop'pG}EE CrUraEoB E CJIBEnaer 3JrerrrpolEyro

xaparcrepEcrrilcy rroreHrEaJrbHo B funee uono)rurerrbryo o6nacrr.

Hecuorpr Ha KaqecTBerrrlble H TIOJIOXIITeIbFTFTe p€SyJIbTaTbI IIO

AI{CCepTarUH cJreAyeT oTMeTr,rTb cneAyoque 3aMeqaH}rr.

l. B Al{ccepraunonnoft pa6ore 6oruuroe BHHMaHue yAenrerct

3aBHcrIMocTf,M oKIrtcJIeHI'It H Apyrurx xapaKTepr,rcTr,[K cnJraBoB oT cocraBa c ) reroM

coorBercrByrcI4D( paBHoBecHbrx AHarpaMM cocrorHr,rfl. O4naro, Hn oAsofi

AHarpaMMbI cocrotHHfl ccrrnroft Ha [ocJIeAHLD( ny6nuraqrafi KaK B cJr]4rae

4nofiHrrx, TaK u rpofiHrrx crlcreM He npHBoAHTcfl.

2. B pa6ote aBTopoM pacqnTaHbr Jrr{rrrb H3MeHeHrirff TepMoAr,rHaMr,rrrecKr.rx

Qyllxqnfi cnJIaBoB B HHTepB€IJIe reMlepaTp, a o6cyx41r6)rcfl ra;r a6corrorHhre

BeJII4IIHHbI HO nO HexapaICIEp IBMeHeHT/rfl.

3. flpn paccMorpenr4r 4pLIBrIX, xaparcrepr,r3yroqux KHHeTHKy oKlrcneHlrt

crIJIaRoB' oTMellaeTct' qro oHI.[ I,IM€IOT rr,mep6olnqecrufi xapaxrep (AK1M2-Y,

crp.89 u pwc.3.6, AKlM2-Pr, crp. 93 u puc.3.9 H Ap.). o4naxo, oro He coBceM

ToqHo. Xaparcrep runep6olvqecKoro oKHcJreHHr r.rMeer Mecro roJrbKo c

xraneuatr'rrcofi oKHcJIeHHt, a 3areM IcpI{B€tr npeBparqaercf, B roprr3oHT€rrrbrryrc

JrHHrrro, onpeAeJurroulaf, xaparcepucTr,rKy cruraBa.

4. flo.qno,{r HTor orrlrcaHulo pe3ynbraroB lrccneAoBanuit ro
gneKTpoxr4MI4tIecKHM csoficrsaM zIJIIoMI,IHIIeBrD( cIrJIaBoB c peAKo3eMeJIbHbrMH
gJIeMeHTaMH (fnaaa 4), cJreAoB€uro )rKa:|arb, KaKoBa [p]rpoAa Tofo, rrro c
yBerI4rIeHI'IeM KoHIIeHTpar\Hu P3M Ao 0.05 uac.oh na6nroAaerc.f, rrJraBHoe

cHrfDKeHrIe cKopocrH Koppo3t4l{' a lzurrnefiuree noBbrrueHr{e KoHrIeHTpa\uLt

Jlefl{pyloulero KoM[OHeHTa HecKonbKo yBeJrHrrHBaer cKopocrb Koppo3r,rr{ c[JraBoB.

5. B auccepr€lr[4u IilMelorcfl opSorpa0urrecKr4e r,r TexHuqecrue orunorur.

Tar, ua crp. 84, puc.3.4 H crp. 90, pac. 3.7 ue coorBercrByer uacrura6y focT.
B pa6ore npeAcraBJIeHhI pe3yJlbrarbr MHoroqHcJreHHbD( HccJreAoBannfi

aBTopoB' Koropble XapaKTepI'I3yIoT ero KaK BhlcoroKBanu$raqraposaHHHfi

clequaJll{cr B o6lacrz uccneAoBalnfl oK[rcJreH]rr €rJrroM[rHlreBhrx cruraBoB,
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r{3rreHr{fl rD( TepMo,uffi€lMr{qecKD(, 3JrerclpoxHMr{lrecKr,D( u Koppo3HoHHbD(

cBoficrB. Pa6ora coscKarerc BbmoJrHeHa Ha BbrcoKoM HayrrHoM ypoBHe c

lrcrroJrb3oBaHHeM coBpeMeHr{bD( MeToAoB rrH4mrlur,r sMm4pr,rqecKr,rx ,{aHHbD( otrblTa

H 3KcnepHMeHroB cSorvrynupoBaHbD( B TeoperruecKne 3nanvrs, u Qnsuro-

xlrMr{rrecKLre u TexHoJrorFrecKHe r{ccneAoBalJvs, c yreroM cflellfiutrrbHo

parpa6oranHoro o6opy4osanvrfl, c BbrcoKofi creuenbro rorrHocrur n AocroBepHocrb

noJry^reHrrn( 3HaqeHufi csoficrB pIHoBaIIoHHbrx crrJraBoB.

Ilydnurcat4un a6mopa. florqrusHFrlra Ar,rccepraHToM orrbrrHo-

gKcrreprrMeHTzrJrbHbre p$yJrbrarbr [pornJrrr anpo6aqruo Ha MexAyHapoAHbrx,

peruoH€urbHbrx 14 pecuy6nraKaHcKr{x rcoHQepenqr,rflx. Perynmarrr pa6oru

orpaxeHhl 18 nayrHrx ny6nuxaqnfi B rlrrcJre KoropbD( 8 crarru B perleH3upyeMhrx

B xcypHaJlax peKoMeHAoBaHHux BAK Pecrry6nuru TaAxlrKr{craH u Poccuficrcofi

Oe4epaqvrvt\ a raKxe uansrfi [areHT Pecrry6nuxu TaAxr.tKHcraH u e 6oree 9

rcon$eperulnn( pa3nutlHoro ypoBHr. Cne4yer orMer[Tb, rrro Ar,rcceprarlnfl

Hn€gona X.X. coorBercrByer nacrropry rro cnerlnuurbHocru 05.02.01-

MatepNaloBeAeHue (n uaurunocrpoeHnn), roropbre orpaxztror Hux(ecneAyrcrque

B rryHKTbr:

ceoilcme eewecme, pac\em mepuoduuauuuecrcux Qynrct4uil npocmwx u cnotcuam

cucmeM.

nyurcm 7) - Marcporrytemurca, aexaHu3Mu cJto)tctrbtx xltMuqecKuJc

npoweccos.

. Bc€ 9To H tBJlterc{ ocHoBaHHeM AJrr npucyxAenufl, cotrcKarenro yl€noft

crerreHu Kall4fiAara rexHHrrecKHX HayK no cnerlnaJrbHocrrrr 05.02.01-

MarepnaloBeAeHue (n uauunocrpoeuuu).

3arc.nroqenne

.{uccepraqur Ha reMy: <<@}rsuKo-xraMnqecK}re csoficrsa crrJraBoB oco6o

ltHcroro alIKlMHHI,lt uapor AKl z AKIM2 c pe4xo3eMeJrbrrbrMr{ MerarrJr€lMu>,

qpeAcraBJIeHHEUI Ha col4cKaHli;e yreuofi crerreHrd KaHAHAara rexHl{qecKl4x HayK,
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H€lIIIlceHa Ffu€sosE[d )LX. caMocroflTeJlBno, o6naAaer BrryfpeHHrrM erorr{crBoM,
coAepxGT EOBETe HaJ^rHGTeOpsrmecKEe n [parcrrrqecKHe pe3ynbrarbr H
tronoxeEEf, BbrlDEriaeMoe AJIfl rry6rulurofi saug,rrn H cBrqereJrbcrByer o nr{rrHoM
BrsraAe amopa B rrayKe MaTepualoBeAeHr,re.

B,ryccepraI[ronHofi pa6ote FLr€sosa X.X. rlurupoBarrue, o@oprrareHrrbre

KoppercrHocrb, ccbIJIKI'I Ha aBTopoB H coaBTopon o$oprraJleHBr B coorBercrBr4lr c
I9}ITCPH'MH YCTAHOBJICHHbIUU BAK PcCrry6rrr,rrcU TAAXUKHCT€III.

.{zccepraqut HHe3oBa Xausaryr XauporynoBrrqa <<@uguro-xnM'rrecKrre

ceoficrea crrJIaBoB oco6o qHcroro ErJrroMr/rHtrfl MapoK AKl v AK1M2 c
peAKO3eMeJIbHbIMH M€TAJIJIaMID)' IIpeAcTaBJIeHHaf, Ha ColICKaHI4e yu€HOfi cTerreHlr
KaHAHAara rexHI{rIeCKI,tx HayK no clerlHErJrbHocrr,r 05.02.01-Marepualone4eHue (r
Marur4Hocrpoeuun), rBJrf,ercr aanepureHHofi HalnrHo-KnanuQuraqraoHnofi

pa6otofi, B roropoft coAepxarct pemeHlre 3aAaq B o6racrra reuroSn3prKn,
TepMoAHHaMHKTI, KHH9TTIKI'I cflrlaBa AK1M2 c peAKo3eMeJrbHbrMrr Mer€ur rraM', a
TaK)Ke aHoAHOfO noBeAeHrlt yKa3aHHhD( CIUTaB0B rr coorBercrByer <<flonoxeHlu o
trpHcy4AeH[rH J leHbrx cteneHefi>>, a ee aBTop 3acJryxr,rBaer rrpr4cyx(.q e1us.
yreuHofi crenerr[ KaH.4{Aara rexHuqecKrlx HayK no creqrraJrbHocrrr 05.02.01-
MarepnaloBeAeHne (n uaurunoclpoeuuu).

O$rtltnartrnrrf, or noHeHT:

A.T.H., npoQeccop naSeaprr <<TexnoJror[fl H

MarrrnrroBeAeHne>) Tflfy unr. C.Afi nn

r. {yruan6e, np-r btanuo l2l.

Kapuuon H.K.

, rerr: 917265112

Ilo4luHnocrb noAnrrcu A.T.H.,
npo$eccopa Kapnnaoea H.K.
3aBepfio:
Haqarrnux OK TfITy
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