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BeAyIrIefi opfaHl43a \\ryr Ha A?ICCepraIII4OHHyro pa6ory

EeP,[uena Aca4nY'na Srarrlosuqa

Ha TeMy : (@I43I4KO-XSMI4r{gCKI4g CBOfiCTBa C1JIaBOB OCO6OqI4CTOTO 14

TexHr4qecKoro aJrIoMr4Hr4 fl c peAKO 3eMeJrbHbIMI4 MeraJI Ira]VIvr, cypbMo fi I4

3JreMeHTaMLI noArpynnbl repMaHnq), npeACTaBneHHOfi Ha COI4SK A;Fivre yqeHofi

crerreHrr AoKTopa rexHuqecKr4x HayK no cnerlr4aJrbHocrr4 02.00.04 - srasrauecKafl.

xrl]0ldl1lfl.

COnpeueHHbIe HayKy, TSXHI4Ky 14 npoI43BOAcTBO BO BCex cyqecTByloilIl{X

oTpaCIqX HeBo3MOxtHo npeACTaB?ITb 6eS I4HTerpanbHbIX MIIKpoCX9M' g'ns

pa3pa6orKr4 Koropbrx Heo6xoAr4Mbr roHKr4e MeraJrJrrrqecKr4e nndHKI4 Ha ocHoBe

curaBoB BbrcoKoqrrcrbrx MerajrJroB, coAepxaluux [Ba vrnv 6orree KoMrroHeHTa'

KpOlre TO;O, C npaKTI4r{eCKOfi TOqKI4 3peHl{s BaxHO' rITO C IIpI4MeHeHI4eM TOHKI4X

MeraJrJrr4qecKr4x nJreHoK craJro Bo3MoxHo ycrpaHeH?re rleJToro pflAa npo6JreM,

BO3HUKarouIux B npouecce r4cnoJrb3oBA.":',I. Mr4KpoMo4rasuurapoBaHHbrx

sneMeHTOB. K qucny TaKoBbIX OTHOCqTCq: BbI6Op B]1'!:A V OnTI4MaIIbHO|O

cocTaBa Ao6aBoK; TpyAHopa3pelxuMaq np[MecHaq I{ucToTa KoMnoHeHToB'

HaJrrrilre orrrr,rMarrbHofi, cra6r4nbH oit vt 6olee AerxeBofi' a raK)Ke AocrynHofi

TSXHOJIOTI{I4 kr HaAe)KHOfi anilapaTypbl ;1nfl nOIyrIeHIas CnJIaBOB BbICoKOfi

rrr4CTOTbr. fIepeuraCJIeHHOe AOI)KHO Oil?IpaTbls':elA COBpeMeHHYrc' AOCTaTOT{HO v\

BCeCropoHHe 06 ocHoBaHHyro reoperl4qecKyro 6azy'

2019 r.



Cnlanrr oco6o qrrcroro aJrroMr4Hr4s no3BoJrffror I43MeHZTb B nyr{rxyrc

cropoHy Bce cJry)Ke6nrre xapaKTepvrcrvrKr npra6opoB, a I43yrIeHI,Ie ux Su:zxo-
xr4Mr4qecKrrx ceoficre pac[rr4p{er o6lacrz krx npl4MeHeHufl. BogHuxaer

Heo6xoAr4Mocrb vrogra$zqvpoBanvrt cnJIaBoB cr{creMrr Al-Si (cu.nyuuuon), sro

crrrraBbr AKl, AK1M2, AK7M2, AK12 vr AKL2}I42 c peAKo3eMeJrbHbIMI4

MeTaIiJraMr4, 3IreMeHTaMr4 rroArpyrrnbl repMaHl4s vr cyprrvrofi, ynyqurelr'vfl, krx

Koppo3r4oHHofi ycrofi uuaocrrr.

Cne4yer orMerr4Tb, r{To paspa6orKa reoperl4r{ecKl4x ocHoB grrx nsl6opa

HyxHbrx xovrnognqzfi cnJraBoB Ha ocHoBe oco6oqzcroro LT BTopzr{Horo

aJrroMl4Hrr fl., uecIre1oBaHl{e vtx $vtzuKo-x}rMl4qecK}rx cnoficrn, TaKxe, flBIrflrorcfl.

BaxHbrMr4, Hayr{Hbrwvr v npr4opr4TerHblMl4 HanpaBJIe:eivrfll/Ivr. B csssu c sruu, 6es

coMHeHufl, Ar4cceprarluoHHaq pa6ora FepAzena Acalxy.na SraMosz'ra

nocBquleHa KaK Teoperzr{ecKl4, Ta]K v npaKTur{ecKl4 3HaquMofi revte, v flBIrflerQfl

Ha ceroAnqurHlafi AeHb axryalruofi.
Ileno uccnedoe&Ha.fl 3aKrroqaercq B paspa6orxe Susuxo-xrlMrrqecKl4x

ocHoB crrHTe3a HoBbrx cocTaBoB aIrIOMI4HI,'IeBO-KpeMHI4eBO-MeAI4CTbIX CIJIaBOB Ha

ocHoBe oco6o qr4croro aJrroMr4ur4q MapKI4 A5N .rucrorofi 99.999 oh u atroM?r:nkrfl'

TexHuqecKZX MapoK, MoArr0r4rlr,rpoBaHHbIX peAKo3eMeJIbHbIMlI MeraJrJraMI4,

cyplvrofi v 3JreMeHTaMlr noArpynrrbr repMaHuq trnfl rrcrroJlb3oBaHvrfi, B

Mr{KpogneKTpoHr,rKe B Kar{ecrBe Mr4rueHefi nprr HanbrlreHvrkr roKorlpoBoAqull4x

AOpOXeK B r4HTerpaXbHbrx MrrKpocxeMax, a TaruKe KaK KOHCTpyKtIZOnHUfi

MarepI{aJr.

H uy u nan H o 6 us H & u c cne d o a uHan 3aKrroqaercs B ycraHo BJr eHlntr r'.

- TeMrieparypnofi 3aBrrcr4Mocrr4 yAenrnofi reuoeiuKocrll rr I43MeHeuvfr'

repMoArrHaMr4r{ecxnx Synxqufi cnraeos AK1, AK12, AK1M2 (P3M) u AK7}|42

(Ge, Sn, Pb);

- Kr{HeTr4qecKr4x 14 3HepfeTrrqecKr4x xapaKTepI4cTI4K rlpoqecca oKIIcIeHZq

cnJraBoB AKl, AKlM2 rta ocHoBe oco6o r{I4croro aJrIoMI4HI4fl vrapKu A5N ra

crrrraBoB AK7M2, AK12, AKL2}i'4Z Ha ocHoBe rexHrrqecKoro aJTroMrIHHq c P3M,

OJTeMeHTaMI{ noArpynnbl repMaHI'I-s lI cypbMofi, n TBepAOM cocTosHvrn;

- MecTa MoAI,ISI4rIZpyrcqux sJIeMeHroB B SopvrapoBaHvrv Sasonoro

cocraBa npoAyKToB oKHctIeHI4-s cnJIaBoB AKl, AK1M2, AK7}d2, AK12 ,1

AKI2!r{} c P3M, oJreMeHTaMr{ rroArpynnbr repMaHH fl 14 cypbllofi, a raKxe I4x

pojrr4 B MexaHu3Me oKl4cneHl,js,;

- onpeAerreHvrzr aHoAHbrx xapaKrepvcrvtK crIJraBoB AKl, AK1M2, AK7}d2,

AKl2 v AKL2}r42 or coAepxaHl{s P3M (Sc, Y, Ce, Pr, Nd), srleMeHroB



ro.qrpynnbl repMaHr{ff (Ge, Sn, Pb) 14 cypbMbl, B cpeAe 3iieKrportzra NaCl

pa3nr4qH o fi r<o sqes rpar1vvr.

IlparcmuuecKafl 3Hauurnocmb uccnedoeuHufl 3aKrroqaercfl B paspa6orxe

onrr{MaJrbHoro cocraBa curaBoB AK1, AKIM2 Ha ocHoBe oco6o ql4croro

aJrroMr4Hrrr MapKr.r A5N I4 cnJIaBoB AK7}l/2, AK12 vr AKI2M2 na ocHoBe

TexHr4r{ecKoro aJrroMr4Hr4r MapKI4 A0 c P3M, cyplnaofi 14 SJreMeHTaMI4

no.qrpynnbr repM aHvrfl.) orrruqarorluxcq Koppo3rlounofi crofixocrbro 11 sailIlarofi

14 x M aJrbIMI4 IrareH T al.rrLr Pecny 6 llrxra TaANuKZcraH.

O cao e Hute noro jtc eHu.fl, 6 blHo cuJlrue Ha 3 ulqamy :

- TeMneparypnar 3aBr4cr4Mocrb yAennrofi reuodltKocr?I Lr ugueuenufi

repMoArrHaMrrrrecKzx SyHxqzfi (enralrnux, gHrpoIrpIfl, oHeprl4fl fv66ca),

rvroEra$uql4poBaHHblx P3M (Sc, Y, Ce, Pr, Nd), sJTeMeHraMI4 noArpynnbl

fepMaHl4a ra cypruofi cnIaBoB AKl, AK1M2, AK7M2, AK12 v AKI2M2' s

3aBr.rcr4Mocrl4 or KoHUeHTparJuvr Ilerl4pyroulefi.qo6aBKrI u reMneparypbl;

- 3aKOHOMepHOCTT4 n3MeHeHr4q KVHeTI4TIeCKI4X VI SHepfeTllqecKzx

xapaKTepHcrr{K npoqecca BbrcoKoreMnepaTypHofo oKl4cJleHrrs cnllaBoe AKl,
AK1M2, AK7M2, AK12 u AK12M2, wogvr$trrJkrpoBaHHblx P3M, 3rleMeHraMll

nolrpynnbr repMaHr4q v cyptvrofi, e 3aB?IcrlMocrz or KoHIIeHTparJtrtl

vroru,r$uqr4pyrorlero KoMrro HeHTa ta reMrlepaTypbl, B TBepAo M co cro sHvrrl;

- pe3yJrbraTbr I4K- cneKrpocKontTr4 vr P@A npoAyKroB oKI'IcreHZq

cnJraBoB cr4creM Al-Si ra Al-Si-Cu c peAKo3eMeJIbHbIMI4 MerarIraMvl, SJIeMeHTaMI4

noArpynnbl repMa H:g^fl. vr Cyprvrofi npl4 BbIcoKI4x TeMllepaTypax;

- 3aKOHOMepHOCrr.r }r3MeHeHrrr aHoAHofo noBeAeHuq Al-si vr Al-Si-cu

cnJraBoB c P3M, OIIeMeHTaMrr noArpynnbl repMaHuq V cyprvrofi or

KoHueHrp ar1lrut greKTponrara NaCl.

JIaqHufi exnad anmopa 3aKrroqaercfl B aHalrv3e nl4TeparypHblx AaHHbIX,

Haxo)KAeHr4r4 eS$exrraBHbrx cnoco6on perxeHl4s rIocraBJIeHHbIX 3al.a.u,

noAroroBKe v npoBeAeHr4r4 rrccneAoBa:avit B na6oparopHblx ycxoBl4sx;

crarvrcrvrqecxofi o6pa6orKe 3Kcnepr4MeHTarIbHbIX pe3ynbraroa, SopMyxllpoBKe

ocHoBHbIX noJroxetlrltit rr BbIBo,qoB ArlcceprarJTAvr, ony6ru2xoBaHuvr pe3ynbraroB

r4ccreAo B auvrit, o So pvrrreHl4l4 nareHTo B.

Pesylrramr pa6orbr orpa)KeHbr B 75 uay.rurrx ny6rruTKarlvrflx, I43 Koropblx

2 nonorpa$uvr, 32 crarwr B perleH3rlpyeMblx xypHanax, peKoMeHAoBaHHbIX

BAK Poccraficxofi (De4epaqlrz v B 36 Marepr{axax MexAyHapoAHbIX rt

pecny6rrzKaHcKr4x xonsepenqufi, a raKxe noxyqeHo 5 MaJIrIX rlareHTa

Pecnv6rrur<u TaANI4KI4craH.
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BBeAeHZs, uerrrpeix fJraB, o6sopa xl4TepaTypbl' 3KCnepI4MeHTaJIbHOfo

MaTepI4aJIa, BbIBOAOB, CTII4CKa I4CnOJIb3OsaHHOfi nl4TepaTypbM npuIO)KeHI4q'

[uccepraur4q u3roxeHa ua 256 crpaHzuax KoMrlblorepHoro Ha6opa, BKrlloqaer

93 ra6wry, 100 pncyHKos v I78 Hal{MeHosauufr. nIIrepaTypHbIX zCror{HIIKOB'

Teua Al4gcepTaquOssofi pa6Org qBIfleTCq HeOTbeMneMOfi qagTblo

<Crparerun Pecly6twtxvt TaAxrzxucTaH B O6nacrv HayKI'I I4 TeXHOJIorvrvI Ha

2007-2015 tr.>>, a TaKXe nporpaMMbl (BHeApeHI4s BaxHefiul4x pa3pa6oroK s

npoMbrlxJleHHoe npoI43BoAcTBo Pecny6.ruxra TaAxI'IKI4cTaH :g1a2010-2015 rr'>'

B KaqecrBe r,rcxoAHoro Marepvana ucnorlb3oBatrvr oco6o ql4crblfi

arrroMr4Hr4fr uapxu A5N (|OCT 110669-01) N nropurrHbrfi arrIoMXHI4fi rrapxu A0

(focr 110669-01).

Bo eeederuru o6ocHosaHa aKTyanbHocrb TeMbI Alrcceprarl/rv'

cSopuy:ulpoBaHa ueJlb 11 I{3IIoxeHbI 3aliaqv v ocHoBHbIe iloIloxeHz',

BbrHocI'IMbIe Ha 3aulrrTy.

B nepeoil zra^e npIIBeAeHbI nl4reparypHble cBeAeHXq IIO

cTpyKTypOo6pa3OBaH:{Iu v cBOfiCTBax AI^rOM.krlHvIfl, KpeMHI4q' MeAI4 vr

peAKo3eMeJIbHbIX MSTaJIJIOB, npOne46H A:na6fil3 nI4TepaTypHbIX AaHHbIX IIo

cTpyKrype I4 cBoficTBaM cnIIaBoB cl4creM Al-Si, A1-P3M, Al-Si-P3M' a raKxe

ocBeIIIeHbIAaHHbIefloBblcoKoTeMnepaTypHoMyoKI4cJIeHI{IoanIoMvTHIlfl,14efo

cnIIaBOB C KpeMHrreM.

B cnqsu c oTcyTcTBr{eM B nllTepaType cBeAeHI4fi O sUsraxo-xuMI4rIeCKlIX

cBoficTBaX cIIJIaBoB OCO6O qIIcTorO AtIIO}'|IuHus' C P3M CAenaH BbIBOA O

Heo 6xoAr{MocTr4 BbrrroJrHe HVfl. VTCQIIeAO BaHlIfi no AaHHOfi reue.

B o emop o it znue e npi4BeAeHbr pe3ynbrarbl I4ccJIeAoB aHvrfl' TeMileparypHoft

3aBr4cr4Mocrrr Tenxo6r43ur{ecKr4x cBoficrB vr repMoAl{HaMl4rrecKux Synrcqufr

cnrraBoB AK1, AK1M2, AK7M2, AK12 kr AK12M2, vtoAzsI4III4poBaHHbIX

peAKo3eMeIIbHbIMI4 MeTaJIIIaMII,3JIeMeHTaMI4 noAfpynnbl fepMa]H]f.frVI Cypll',lofi'

Tpemon z?a6unocB'IIIeHaI4ccIIeAoBaHvIIoKIIHeTI{KI4
BblcoKoTeMnepaTypHofooKI4CJIeHII'aIIoM'lHI4eBo-KpeMHI{eBbIXcnJIaBoBc
peAKo3eMeJrbHbrMI4 MeTaJIIIaMI4, SIIeMeHTaMI4 noAfpynnbl repMaHKfl I4 CypbMbI' B

TBepAoM cocrogHl4l4.

B vemeiipmofr zJt&se npI4BeAeHbI pe3ynbTaTbl I4CCneAOBAIgJ1lfl' aHoAHofo

rroBe.[eHr4q cnraBos AK1, AKIM2 Ha ocHoBe oco6o ql4croro aJTroMI4HI4q MapKu

A5N z cnrraBoe AK7M2, AKlz, AK12M2 Ha OCHOBe rexHr',rqecKofo aJIIOMZHI4fl'

MOAZoi4rIr.rpoBaHHbrx P3M (Sc, Y, ce, Pr' Nd)' 3JIeMeHTaMZ noAfpynilbl

fepMaHrra (Ge, Sn,' Pb) 14 cypbMofi, e cpeAe sneKTponl4ra NaCl pasluuuoff



KOHUeHTparJLrrr.

llpone4eHbr r4ccJreAoBaHr4s rro r43yqeHlrro reMneparypnofi 3aBrrcl4Mocrrr

TerrroeMKocrr4 vr zsNaeHeHufi TepMoAI4HaMI4rrecKZx Syur<qufi cuIaBoB oco6o

I{I4CTOIO I,I TEXHUI{ECKOIO AJIIOMZHI4q C PEAKO3EMEJIbHbIMII METAIIITAM^VI, CYPTUOfr

r4 gJreMeHTaM;,/- iloArpynnbr repMa:Hus.. CunreglrpoBaHbl 9 noerrx aJrroMI{HI4eBbIX

Jir4refiHbrx crrJraBoB Ha ocHoBe cl4creM Al-Si z Al-Si-Cu. B BaKyyMHofi nequ

conporr4BreHuq rvrra CHB-1 .31116 I43 n arMoc$epe renl4s noA I436bITorrHbIM

AaBJreHr{eu 0.5 MIIa. Co.qepxaHr4e KoMnoHeHToB onpeAerleH crreKTpanbHblM

MeroAoM rro craHAaprHbrM (sra:rouHrrrr,r) o6pasuaru. WccrIeAoBaHbI

Mr4KpOCTpyKTypbr nofiyr{eHHbrx OIIJIaBOB, A TaK)Ke VX TenJIOeMKOCTb AO

reMneparypbr 900 K. VcranoeJreHa reMneparypHas 3aBl4cllMocrb

TerrJroeMKocrr4, paccquraHbl TepMoAI4HaMI4r{ecKue Qynr<quu npoqeccoB

o6pasonaHr4q nonyr{eHHbrx crrJraBoB. lloxagano, qro nprlMecu: Mg, Cu, Mn, Fe

v Ap., npzcyrcrByroque B rrpoMbrrxrleHHblx QrrlrylrlaHax, o6pasyrcr

rrHTepMerarrl4qecnue Sasu c artroMllHueM 14 Apyr c ApyroM.

Ha ycraHoBKe, npeAnolxeunofi cor{cKareJleM, B pexl4Me (oxra)KAeHl4-s)

nollyqeHbr SKCnepr4MeHTaJTbHbre AaHHbIe IIo TeIIJIOeMKOCTI4

MHO|OKOMTTOHeHTHbTX aJrroMr4HzeBbrx cfIIIaBOB, KOTOpbIe B ill,ITepaType

npaKTr4r{ecKy oTcyTcTByoT, vr B pe}KI4Me ((HafpeBa) ocyuIecTBI4Tb npafiue

CIO}KHO.

flo.qo6ntre r4ccneAoBalvrfl, npoBeAeHbr vr ;.Irs L6 cn.riaeoB Ha ocHoBe oco6o

r{r4croro aJrroMr4Hr4q, MoAr{Sr4rlrrpoBaHHoro cKaHA}reM v zrrpr{eM. Bnepnlte

nolyrreHbr AaHHbre no renno$ra3r4rrecKuM cnoftcrsaM r{ TepMoAI4HaMI4r{ecKI4M

SynxUzxu Marepr4airoB. SrcuepuMeHTaJrbHo nonyqeHbl BpeMeHHbIe

3aBr4cr{Mocpr reMneparypbl oxnaxAeunx o6pa3UoB, BbIr{I4creHbI cKopocrl4 I4x

oxrraxAeHvrfl., BbrBeAeHbr ypaBHeHI4q, paccqLITaHbI vrx roe$$zqueHTbl.

flprauenrx 3Har{eHr4q cKopocTr4 oxIaxAeHI,Iq v pacclsvTAHHble 3HaqeHuq

xoe$Suqve1Ta renrroorAarryr g.rfl cnJraBoB oco6o.rl4croro arIoMI4HI4s' BbIBOAI4

ypaBHeHr,r fl 3aBvrctrMocrr4 renloduKocrl4 or reMneparypbl AJrt HI4x' paccr{I4TaHbl

reuodurcocrrr MoAr4or4ur{poBaHHbrx crrJraBos AK1M2, AKlz v AKL2}/4.2.

Heo6xolrauo orMerr4Tb, qro cor4cKareJleM BbIrroJrHeH 6orrlurofi o6reu

3KcneprrMeHTaJrbHbrx x pacqerHbrx pa6or, a raKxe erarkrcrvrqecr<ofi o6pa6orrra.

3ro no3BoJrr4Jro eMy c yrreroM ilonyrreHHblx AaHHbIX yAarrHo pelxllTb

nocraBJIeHHbIe nepeA HI"'.}|4 3A^AqrT.

Hoerre v He MeHee BaxHbre AaHHbre noryr{eHbl rro repMoArIHaMZqecKZM

SynnUurM Bcex roxyr{eHHbrx crrasos. BrtqBrleHa reMneparypHaq 3aBr'Icl{Mocrb

r{3MeHeHZfi egralsnvrrr) 3HTponurr 14 oHeprvllu66aa rnfl. noryqeHHblx crrJTaBoB.
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I4syueune renrroQr43r4a{ecKux ceoficrB 14 TepM o$u*a*'qecKr4x $yuruuu crIJraBoB

alrro]viv]Hr4fl, C P3M froKa3aIIO, qTO CaMbIM MIIHI4MaJIbHbIM 3HaqeHueM

TenJroeMKoCTr4 O6raAaer cnJraB AK1M2 C UTTpr4eM' a MaKCr4MarrbHbre orHocfiTcf

K cnJlaBavr, vto4uSI4UI4pOBaHHbIM HeOAI4MOvr. C pOcTOM TeMnepaTypbl yAe;1bHaq

TenJroeMKOCTb, 3HTaJIbnI4fl, SHTpoIIlIg cnJIaBOB yBeJTI4qIIBaIoTcfl'9 a 3HaI{eHI4fl

oHeprt{I{ fv66ca - YMeHblxaercfl"

,{uccepraHToM r,rccJIeAoBaHbI TeMnepaTypHafl' 3aBI4CIIMOCTb

TerrnonpoBoAHocTr4 cil',aBa AK7M2 HA OCHOB* BTOpI4qHO'O AIITOMVI''VTS''

uo,uraouqlrpoBaHHofo 3JreMeHTaMI4 noArpyililbl repMa]H:/'fl; Z3yrIeHa KI4HeTI4Ka

OKI4CIEHI4q CNJIABOB OCO6O qI4CTOTO LT TEXHI4qECKOfO AIIOMI4HI4q C

peAKO3eMeJIbHbIMI4 MeTaJIJIaMu, CypbtuOfi u SIIeMeHTaMu noArpynnbl repMaHuq'

B TBepAoM cocrofl}{vlrl.

fleralrug r4CCneAOBaHbr npOqeCCbI OKITCII9HLI0 aJIIOMIIHI4OBO-KpeMHI4eBbIX

cnrraBoB AKl, AK1M2, AK7M2, AK12 u AK12M2, wotvbr4rlr4poBaHHblx P3M

(Sc, Y, Ce, Pr, Nd), 3JreMeHraMI4 noAfpyllnbl fepMaHl4x (Ge' Sn' Pb) t'r cypruofr'

B TBepAoM COCTOq:HVTT4) a TaKxe aHoAHOe noBeAeH?Ie cnJIaBOS OCO6O I{I4CTO|O 14

TexHr4qecKofo aJrIoMr4Hr4rr c peAKo3eMeJrbHbIMI4 MeraJrJraMrr, cyprrraofi t\

oJreMeHTaMr,r noArpynnbr repMaH?rfl. Bce [oryqeHHble coI4cKareJIeM AaHHbIe

BOCIIOITHTT HeAOCTarOIIr4e B nl4TepaType $usraro-xuMua{ecKl4e IIOKa3aTeJII4'

KOTOpbre cMofyT r4cnoJlb3oBaTb cneIII4aIII4CTbI pa3II4rIHbIX HanpaBilelFlvit',

xr4Mr4r{ecxofi Hayrcu.

MareprzaJlbl Al4cceprarllloHnofi pa6orlr Eep4aeBa

anpo6auuro, e6 ocHoBHbre noIOXeUnA O6Cy)KAaJII4Cb Ha

Pecny6rruKaHcKux xoHSepeHIII4qx'

EepAraenrrrvr A.3. B Ar4CCeprarIIIOHHOfi pa6ore peuleHa ]Flayq:Hafl npo6lerua

s o6racr v pazpa6orKH CilJTaBOB OCO6Oqncroro r4 TexHl4r{ecKofo ailroM}rHl4fl C

peAKO3eMeIIbHblMI4 MeTaJIJIaMI4, CypbrrlOfi u SJIeMeHTaMI4 noArpynnbl repMaHl4f'

Pe:ylsrarlt pelleH3l{pyeuofi pa6orrr ocoSesso BaxHbI npl4 perrreHl4ll

TexHorrorr4qecKr4x BorrpocoB A pa:pa6orxe v6guQuuI4poBaHHbIX cnrlaBoB

ci4creMbr Al-Si (crarryruruHon): AKl, AK1M2, AK7M2, AK12 u AK12M2 c

peAKo3eMeJIbHbIMI4 M9TaJIJIaMI{, SJI9M9HTaMI4 noArPYilnbl fepMaHnf, ra cyplvrofi;

noBbrrxeH:|1s.vrxKoppo3r4ouHofi ycrofiuunocTl4, C AaJlbHeftrunu ncnoIIb3OBaHI'IeM

vrx B MI{KpO3neKTpOHI4Ke B KarIeCTBe vtUUreHefi tlpvr HaIIbIJI9HIIZ

roKonpoBoAsIrII4x AOpoxeK B I4HTerpaJIbHbIX Ml4KpocxeMax Lr

KOHCTpyKIII4SHHbIX y11repv1ilAx Nrfl' SaConuoro JIIIT6g B aBTOTpaKTOpHOM 14

A.3. nporunu 6ollmYrc
15 MexayHapoAHrtx, 15

aBr4acrp o eHr4v\ crp o r4renrs o fi u rpaHcno prH o fi rp OMbIIXJI eHH O Crtx'



Bce pesyJrbrarbr, noryrreHHbre Ar{ccepraHToM, qBJlqroTcs HOBbIMZ, BbIBoAbI

cQopMyxzpoBaHbI apfyMeHTrlpoBaHo. OcnoeHrte rloJrolKeHl4fl

Ar{ccepraur4oHHofi pa6oru orpa)KeHbl B anrope$epare, a ny6tvrcarywr

orpaxaror ocHoBHoe vrx coAepxaHr4e. PeueHslapyel.r'afl, Auccepralll{oHHat

p a6 or a co o rB ercTByer cn eUI4 aJIb H o crI'I 02 . 0 0. 04 - $ Ia:Nuecr afl' xrrlr'rlfl,.

Teu ue MeHee, npu qreHrrlr aBTope$epara vr qr4caeprallt,toHHofi pa6omr

Eep4neaa A.3. Bo3HI4KJII4 HeKoTopble 3aMeqaHr4fl'.

l. B rexcre aBTope$epara 14 [vcaeprar1.vru uMelorcq rpaMMaTI,IqecKI4e 14

rexHr.rqecKl4e oilIlI6xu (crp.2,4,6, 10, 15 (anrope$epar) u 5, 8, 13,33,45,70,

I 19, 200 .. . .. (4raccepraqrax)).

2. HOuepa BceX ra6rrzq u pZCyHKoB AOJIxHn 6rnl CKBS3HbIMI4.

3. He Bce AaHHue ra6lr4rl o6cyxAeHbr, He o6tqcHeHbl ycraHoBJIeHHbIe

SKCnepr4MeHTaJIbHo 3aKoHoMepHocrrr.

4. B pa6ore HeT o6tscnenzfi nprlqr4H pocra vrilu yMeHblxeHnq

renro QN3r4rrecKr4x cn o fi crs 14 TepMoAr4HaMI4r{ecKr{x SyHxqrafi cnJIaBoB.

5. KnueurKa oKlrcreHr4q crrJraBoB u3yr{eHa JrI4IrIb B TBepAoM cocrosHrrvr.

CrreAo earo u3yr{xrb Kl{Herzr{ecKr,re xapaKTepvlTvrKvr HeKoropblx crIJIaB o B TaKxe

B )KII,IIKOM COCTOflH'III.

6. 3:rexrpoxuMur{ecKr.re r4ccneAoBaHnfl cnJIaBoB BbInorHeHbI ToJIbKo B

HefirpaltHofi cpeAe gJTeKTporrr4ra NaCl. CrreAosaro npoBecrl4 noAo6srte

zccJreAoB a1yrfl B Kr4cJrbrx v uIeJroqHbIX cpeAax, r{To Aano 6rr Bo3MoxHocTb

nocrpouTb 3aBZcI4MocTb cKopocTr{ Koppo3l4rr cniraBon or pH cpeAbl.

OAnaxo, Bo3HHKIrILre 3aMer{aHwfl HrrcKoJIbKo He cHI,IXaror AocrorrHcrBa

BbrrroJrHennofi pa6orlt.

fucceprarJvrfl Eep.uuena A.3. coorBercrByer cnelll4aJlbHocrz 02.00.04-

@n:uqecxaq xv.,vtrrfl (rexHnuecKr4e Hayxv) tro cneAyrolI?rM ITyHKTaM: n. 3-

onpeAexeHr4e TepMo[vHaMr[recKr{x xapaKTepIIcTI4K npoueccoB Ha noBepxHocTz,

ycraHoBrreHl4e 3aKoHoMepuocrefi agcop6gvtt Ha rpaHnqe pa3Aena $as vr

$opvrrapoBaHvrfl aKTr4BHbrx rIeHTpoB Ha raKl4x noBepxHocrflx; n. 5- zsyueHue

$rasuno-xrrMrrqecKlrx cnoficre cncreM npLI eogAeftcreuz BHeITIHI4x noJlefi, a

TaKxe B 3KcrpeMaJrbHbrx ycroBuqx BblcoKrrx reMneparyp I4 gaeleHIafi; n. 7-

MaKpoKrrHerzKa, MexaHlr3Mbr cJrox{HbIX xl4Ml4rrecKrrx npoUeccoB, Sra:zr<o-

xxMr4r{ecKas rr4ApoA?rHaM}rKa, pacrBopeHl{e I4 Kpl,Icrannv3arJkrfl; n. 10 - csssn

peanqnouHofi cnoco6Hocrlr peareHToB c ux crpoeHl4eM v ycroBHqMI4

ocyqecrBJreHr{r xnMr4qecKofi peaKur4rz; n. 11- $usuro-xl4Mnr{ecKue ocHoBbI

npoqeccoB xr4Mzr{ecKofi TexHoJrori4r4. 3ro Aaer ocHoBaHI4e c.uvrrarb, tITo

coucKarerrl Eep.urzes A.3. Aocror4H ilpl4cyxAeHl4ro yuenofi creneHl4 AoKTopa



TexHHqecKI4x HayK rlo cilequanbHocrr4 02.00.04- @uguqecxas xvrvrtrfl
(rexnzuecKlre Hayxu).

fraccepralll4oHHa.fi pa6ora Eeplraena A.9. npe4craBrqer co6oli
3aBeplxeHHoe HayqHoe IzccreAoBaHr4e, BbrrroJrHeHHoe aBTopoM caMocroflTeJrbHo
Ha BbIcoKoM ypoBHe, B KoropoM rr3JroxeHbr HoBbre HayqHo-o6ocnonaHsue
pelxeHHt s o6Jracrz Susnxo-xltMr4qecKr4x cnorZcrsa curaBoB oco6o rrr4cToro u
TexHurrecKoro alrrol. l.vrrrlrfl c peAKo3eMeJrbHbrMrr MeTarrJraMr4, cypruofi v
3JTOM€HTaMU rloAfpynlbl fepMaHr4f,, BHeApeHZe KOTOpbrx BHecer 3Haqr4re.l6nnrfi
3I{oHoMl{qecxxfi BKnaA. llorryueHHrte aBTopoM pe3ynbrarbr, HecoMHeHHo,

,qocroBepHbl vr I4MeIor 6o$uroe npaKTzrrecKoe, a TarcKe reoperr4qecKoe
3HaqeHlre. llo cBoeMy coAepxaHrrlo z o6reuy palora orBeqaer Kpurepr4qM
nyHKroB 9-I4 <lloloxeqvrfl o ilopqAKe rrpr4cyxAeHr4s, yrreHbrx creneHeli>,
yrBepx{AeHHoro llocranoBrleHl4eM flpanurerbcrBa P(D or 24 cesrs6px 2013 r.
i\b 842 (pea. or 28.08.2017r.), rpeAbqBnneMbrM K AoKropcKr4M Arrcceprarlr4qM.
Anrop pa6orlr Eep4zen A.3. 3acny)Kr4BaeT rpr4cprAonvrfl eMy yqeHofi crenenz
AoKTopa rexHl4rrecKplx HayK no cnerlaaJrbHocrz 02.00.} -Susuuecras,xu6ufl.

orsrrs o6cyNaeH Ha saceraqtrlr xaSegprr $usrzqecxofi u xouougnofi
xrrl/rkr]zr xrtMrrqecKoro Saxynrrera TaAxrrKcKoro HarllroHaJrbHoro yHzBepcurera,
irporoKon Ns8 or 22 Qenpanx 2019 r.

Or:brs cocraBr{Jrr{:

3aee4yrcrwfr xaSe4pofi Qz:nuecrofi u
KoJrrrouAuofi xuvrzz THV, K.x.H.o AorIeHT (DarZsyrroes 3"(0.

A.x.n., npo$eccop xa$e4prr SrzszqecKo
KonJrourAuofi xuurEra THV Paxuvrosa My6aruzpxoH

A4pec: 734025, r. lyruaH6e, np. PyAaxra, 17, xnwwqecxafi Saxynnrer THV.
E-mail: kfk I 964@mail.ru rerr. 93-8 56-96-69
E-mail: muboshira}g@mail.ru rerr. 91 8-7 6-90-70
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