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MaKcz^aosa Bna4uuzpa
,repHocrr4 rz4poxap6onvaurr,rx

npoqeccoB llonyqeH].r_s loporrrKoB MeIr4 v rraJrrralr4n r4 KOMIro3arII4oHHbIX
MareprlaJroB Ha vx ocHoBe 4A'a z:4elzil naryynHofi i4 rasopa3p{AHorl rexHur<u>,IIPCACTABJICIIHYIO HA COIICKAHUC YVCUOfi CTCNCHII KAH!;IIAATA TCXHIII{CCKiIX HAYK IIOclerlr4aJ-rbHocrz 05.16.06 - rlopo'rxonar Merar.,rypr,n, a K.Mrro3r4rlrio'Hbre
MaTepIzaJibl

AKTyaJrbHocTb TeMb{

O4Hz^.r I{3 uau6otee [epcrreKTrzBlr6rx HaflpaBre'r.rr, coBpeMe'Horo
Marepr, anoBeAeHr4-rr 

'n '.opo,unosori 
N4e:rarrypfr4r.r -rrBnrercx paspa60rr<a r4 0cBoeHrie

B IIPOII3BOACTBC, A TAKXC IIOJIYqCHI4E I1 ,,PIIMCHEHIIC MATCPIIAJIOB, O6IA4Ar<IrqrZX
oco6rrvu ceoficrsaN{z' K raxzu Marepza,-raM c [o,rrHbIM oc'oBa'r4 eM MOXHO
OTHCCTII KOMIIO3I4IIT' OHHEIC MATCPI,IAJI.I HA OCHOBE MEAN 14 TIAWIAATI,.. IIAIUIAAUfr U

O6ecne-reH[e neo6xo4rauofi norpe6uoc:uz B MeArr rr tranrra4l4rr, rr r4x
coeIr4HeHr.Irx BO3MO)KHO rTpLI ycjloBrlrl BHeApeHTL B

nrrcor<os$$erraBHbrx rrlApOMeTairJrypf aqecKax IIpo{eccoB
aS Srerir.rpoaauHoro MeraJrra.

o,4Hzru TAKIIX ICPCIEKTIIBHbIX cnoco6oe rz3BJreqena,
K.H4errrplrpoB aEr4-q 3Tr4x Merar-rJl'B rBJrrercr rz4porap60Hzmurrft (f K) cnoco 6. B

Qaszxo-xlruzqecKoe TexHoJl()fflqecKOe-\v/\.rya4aw\,r\\re .?l .t,eXHOJIOfI{qeCKOe 
O6OCffOeaHLIe

s$$extreuocru fK npoqeccoB rrepep 6oma cueuranubrx pyA (xouqeurparon,
HI43KOKAqECTBCHHrIX TIPOMIIPOAYKTOB, OTBAJIOB 11 ASSTTUANA) irl EAz 14 TIAJUIAAVfl NTfl

arrya,rruori np o6neuoft .

Bocrpe6onaH'ocr. xe grl.x Marepli,uoB, a3roroBJIeHH'IX rr3 BEIcoKoqrIcr.IX

MeIb, I{X COeAr4 HeHLr_{,

rx 14 por(oe npaMeHeHne B

TCXHAKC.

oJraroAapr cBoaM yHrrK€ulurrM ceoftcrsaM, Haxon{T
pa3rr.rqubrx o6racrsx [poM6rrrIJreqHocru, B HayKe 14

npolr3BOACTBO

rroJryqeHat

lonyr{eHl4.S BbIcoKoIIIICTbIX

MaKCLIMaJIbHEIM BbIXOAOM

TOHKOAr{CIrepcHbrx noponlKoB

14 KOETpoJlrrpyeMbrM p€t3MepoM

3TLIX MeTaJIJIOB C

iIacTI4 rl flBIIfleTcfl

TOHKOAT4 CnepcHbIX [oporrIKOB MeAI'r V rraJr'ra*rrs., o6yc,roaneua Heo6xo4zrrloc*ro



co3raHrr 14 croq'r4 KoB sJreKTpoHoB (sler<:rpo40n), o6.rra4arorqlrx .4rr4 Ter.Horzycrofrvnnoc*rc [apaMerpoB B BaKyyMe a cra6urlnocr'ro fope'rl' B TJre]oqeMpa3ptAe' onpe4e,raeuorZ ycroiivznoc:rrro K pacfl'rJre'rzrc 14 B'rcoKrrMrr
Kariur'T'qecKzvt cgoftcreaMn npzMeHIrreJI6HO K CMecrM, npr4MeHseMbrM e coz-
JIa3epax.

AKTyanEEocTb ri cBoeBpeMeHHocTB

ripoBeAeHrreM B Hacroriqee BpeM_{ B poccuu
BhrxoAa Ha HoBbre py6exrr pa3Barrrr.

Xapaxrepzcrzra pa6o,rur

B pa6ore aBTopoM ycraHoBJre'Er snsaxo-xlrrwzqec*rre 3aKo'oMep'ocrr4
ru4porap60nrzJrb'6rx 

''poqeccoB [oJTyqe'rzr BbrcoKoqfi crbrx MrzKpopa3MepHbix
IIOPOIIIKOB METU I4 NNINATV. I,I3 OTXOAOB NPOMbII]IJ.CIIHOTO IPOI43BOACTBA
(rco'qeurparoB' Hri3K.KarrecrBe'rr6rx [poMripoAyKroB, orBaJroB tr ao@r.ruaxa). HaocHOBe npeAJroxeHHofi rexHOnoruu4 aBTOpoM [oJryqeHbr [oporrrKoBbre u
KoMrro3lrrlr4 oHulre Marepr4 a,Ir;r AJu uzgertui,t
lasepEOfi TeXHZKTL 

AJDa ,,rAE)\At4 BaKy)iMHOI;' ra3Opa:p.sAHOil u

rlo pe:y:*raraM [poBeAeHHBrx I4ccreAoBauufr orirrrMlr3rrpoBanubre uaAanrr'IpoBaHHLre pe)Kr4Mbr KaraJurrzrrecKoro rr'ApoKap60uzlrsoro ,,poqecca
BOCCTAHOBJIEII}I-{ [O3BOJII4JIII 

',ONYqUTE 
B6ICOKOIIII CT6IC MITKPOPA3MCPHBIC ,,OPOIIIKI4

MeAr' 
'o 

pa3Mepy qacrrq Jrex2Tr*4e B Arlarra3.He 0,5. . . 10 MKM, u naJrr]anufr B
Ar4 arra3oue 1,7 ...2,7 MKM. Tar<ze [apaMerp;r floporrrKoB coorBecrByror
rpe6orauz_au K IzcxoAHLrM MarepI4aJiaM ,qru rr3ro,l
r€Bopa3prA'ofi rexuarcz. 

lrrer vv'<lrcr.lvr AJrt u3r'oroBJleuus usrenuil naxyyunori z

Arropona rloJlyqe'br o6pa:qu KoMrro3lrqlzoHlrErx Marepr4 aJroB Ha ocHoBe
BTOPIIqHbIX BbICOKOAIZCIICPCHBIX IIOPOIIIKOB MEAI,I N ImJITraTI4fr A,II, 3MI4'I"ICPOB
9Jie*rpoHoB uzgeoui'r naryyvuofi 14 ra3opa3psA'oft rex'zru. Kouno:zqlroHHrre
.,renrrr PdsBa-Pd, u'n'nHApI4 qecKrre KaroABr, clpeccor]a'H're ze rovnosuqzii
rloporrrKoB v rraHecegHrlx norprrutri r.rs Cu_CuzO, o6lra4aror KoMrrJleKcoM
Qz:r'ruecrzx napaMerpoB, xapaKTepHbIX rnfr r4x alraJroroB, z3roroBJre'H'rx r43

AnccepTar\Llr4 cB_s3aHbI TaKII(e c

noJrlrl.rl KV aMrlopTo3aMeqeHuf, z



craHAapr'.rx [opolrrKoB' rrro [oATBepx Aaer ux ]lcecropoHlrlre LrcrTbrraHLrfl
uanora6aparnBrx BaKyyMubrx CBg_npa6opax lr COz_nagepax.

HayqHar Hogzsua.
B 4zccepraqzouuofi pa6ore Mar<cuMoea B.B. nonyveurr HoBbre Hayqgbre

pe3yn'TarBr' uMeloturle Bax'oe reoperrr qecKoe r'I flpaKTLr qecKoe 3HaqeHI4e AJr.qpa3B'Tnfl Mareprl aJroBe.4eHr4r v tiopo,'xoeoff n4era,rryprrzlr, 3aKJrroqaror{vxc, B:- rrpeAJrOXeHHOM ypaBHeHar{ peaKurlv rzApoxap6ourzJrbuofo
KaraJlrrrlrrrecKofo BoccrauoBJreHr4, Cu(II) ___+ Cu(i) z ycrarroBreHr.r r{ 3aBrrczMocrrr
KI'HCTI4KII PCAKIII4T4' QOPIrrr I4 .'OJIHOTEI BOCCTAHOB.]'ICHZX CU(I) OT TCMIIEPATYPBI
IIpoqecca a KOHrIeHTpaqr4ll aolroB x.llopa.

- ycraHoBJie'rrr4 BIruflHnfr KOHrIeHTpaqIr v rr*rnaArrfl z co,t_suoii Kr.cJror'r, araKxe reMrreparypBr ru,4porap60nv Jr6'oro [poqecca Ha pa3Mepbr qacrrzrl,
Hacbrri'yn rrJrorHocr'' TepMr4 qec*yrc ycroiivzroc:rr [oryqaeM'rx fioporrrKoB
naJII7aII4fl.

_ rrpeAJroxeHHoM [poqecce rz,4poxap6onwr'Horo Boccra'oBJ]eHr4_,r,
rrpr4BoArrur4M K yAa!,re'r' ro 

'3 
pacrBopoB, coAepxa^v x Fe, Ni, Co z lpy're

T.rrxerbre rIBerHEIe MeraJlJrbr, lo 95%o MeAu 14 o6ecneqzsarcqefo [oJlyrreHr4e
BbrcoKoqrlcTbrx TOIrKoALrClepcHBrx [oporrrKoB Me*rr v naJrrTa*u\ c pa3MepoM
qacrrrrl B Arrarra3oue 0,5... 1 0 lrr<lr.

llpaxrtzqecr<a-q sqaquMocrr 4accepraqv oHHori pa6o*t cocrorr B
npone4eHuorz r<ol'rnner<cHofi anpo6aqr.rz 14 ,''ec-rar'r4z fK rexuoJrorrr r4 B
IPI'MEHEHAIi EE K IIOJIYqCHIIIO BTOPU'H'IX IOPOIIIKOB METI4 U I7A]ITATI4N AAAHI{OTO
TPAHYJIOMCTPII'ECKOTO COCTABA. AUA,rVg 3KCNEPIIMCHTAJIEH'IX 

AAI{HEIX NO3BOJIIIJI
orpererr{T6 

'nrI'MaJrBHbre 
napaMerpbl, o6ecneq[saroque crerre'E u3Breqe'r.r,r

srr4x MeraJrJros Lo 90oA c nosl4orxuofi pereHepaqzefi IrcxoAuoro pacrBopa,
Ha ocnose noJryqeHH'IX qacrr4rl MeraJIJrIrqecKIzx [oporl]KoB a3rorotsJreHbr

KoMrIo3I.IIIr oHH.Ie JTeHT'I AJT' III4 KJrIrqecKI4x BTopI4 rIHo-gMacclIoHHLIX KaroAoB II
KaraJlllrrrqecKl4e [oKphITII-S Ha HapyxHbrx notsepxHcjcTrx KOMrro3I4rIZoHHEix
3JIeKTpo'4oB' aKTIrBHocrb Koropbrx 3'aqlzreJrb'o Bbrrrle Bbrpanre'Hbrx Ha
IIOB epxHocTI4 MOHOMeTaJIJIa.



IICNBITAHI4ft 14 II3MCPCHI4ii B COOTBCTCTBI4II

coBpeMeHHoro o6opyAoBaHu_{ c Jtr4r{eH3rroHrrbrM

coBrraAeHr4 eM SKCIIepr4 MerlTajr6Hhrx AaHIrBrx
IICIIOJIb3OBAIIZEM METOAOB MATEMATI4IICCKOiI

pe3yn6TaToB.

B onpenerreTC' npoBeJ{eH14eM

llo 4zccep:raqaonHofi pa6o:re Marcarraona B.B. uoxno cAeJrar;
3aMeqaHIZ_{:

i, {auurre s ra6,rzrle 2 ua crp.20 cBizAereJrrcrByror, qro
sreKTpoJrirrr'rqec*rre 

''opo'o*rr 
orrr'qarorc-s 60,1ee sricoKOri Ar4c[epc'ocr6ro, B TOXE BPCM' B TEKCTE ABTOP [II[ICT, qrO 6OrrCE ATIC,,CPCH']M,' ,BI,IOTC-S ABTOKJTABH.IC

IIOP OIIIKII.

2. Ha crpaur{qe 33, orrrrcbrBas
sKclepLIMeHTa, aBTop He yKa3brBaeT r.rHTepBaI
HaqaJIBHbIe ax 3HaqeEu_s.

c fOCT, ucrroJir3oBaurr eM

rrporpaMMurlM o6ecle-leuzeM,

z TeopeTurIecKr,IX pacqeToB,

cra.TrzcraKrr rrpu o6pa6orre

cJreAyrotqv e

MaTeMaTaqecKoe rrJIaHllpoBaHrze

BapBr4poBaHA_S BeIrIqrzH, a ToJ,r6KO

3' Ha crp.35 aBTop ,,,nurer, qro Ha ocHoBaHrru a*arrr'3a AaHH.rxerieictponnod MliKpoc*onr4t o6uapyxeno, B TOM rrucJTe, orcyrcrB'e Koppenr'unMexAy pa3MepoM qacrrr rI rz uacunuoil frJroruocrrro. Oro HeKoppeKTHoe
yrBepxAeHae' T'K' aBTop He yqur6rBaer sopuy qacrrrrl KOTopar uoxer 6ri:rrcsepu'recxofr z ry6lruecxofr a oxa:rreaer 60,truee BJlrrr'rre Ha BeJrr4 qr.r'y
nactrnlrot7 fLTorHocrI4.

4' Ha crp' 59 anrop ,,afirer o [poMexyroq'brx cocrorHizrx c pa3nu.r'orz
BAJICHTHOCTEIO .'Afi.-TVfl' O4HA'<O ABTOP HE ,,PIZBOAIIT CCEIIIKI,I, OTKYAA B3'TA 3TAuaQoplraqzx.

5. B rnaee 1, pa:4en 1.5.i. npzro4rl.c, AaHH;re srcrreplrMeuroB rroMareMarrzqec*orr lro4e:rz, onncaunof B pr3Aene 1.5. rlptr sToM He flpr4B.A_srcf,
CCBIJTKTI HA ZCTOqHT4KII. HCNONXTHO, 

'BJI'IOIC' T7I4 STII PE3YJ'IBTA']bI M3
JII,ITEPATYPH'IX I4CTOqHIIKOB ,.J]I,I 9TO HCIOCPC,qCTBCHHO AAHH'IE CAMOTO ANTOPA. BriocJreA'eM cJryqae Herro'-{Tlro, fioqeMy 4anHrrrl MareprraJr rrprrBereH n 1 rnane,nueiorqefi o6sopntrft xapaKrep.



6. Ha crp.

aBToMarI4 3rrponannofi

91 anrop flfirrer o
ycrauoBKe). O,4Haro

<cKoHcrpyaponaHHoil z co6pauuofi

B TeKcTe rrpLrBoAZTC' Majro cxeM
ooopyAoBaHr/u tr Qororpa$zf npz6opon lrn ucc rre AoBa.Hrrfl .

7 ' Ha crp' 9g a 1 01 rrMerorcf, He,,o's'r'H6re BbrpaxeHrrr o (Aepe*Tax
HeI'3BecrHoro cocraBa) i'r yrBepx(AeHlre' rITo HeoAHopoAl{ocrb crpyKTypBr cBr3aHa
c (He OITLTMaJTBHEIM IrpI4MeHeHr4 eM pexlrMoB npoKaTKr4 >.

8. He xaaraer no.scHeHuii K pacyHKaM B rraBe 4, nopnucu u
KoMMenrapva Hocrr Koucrarrzpyroqzri xapaKrep.

c4elaHurre 3aMeqa'rrr He c'r4xaror o6rqefi no:roxlrreruuori oue'Kr4
Ar.rccepraqrroHuofi pa6orsr.

Pa6ora BbrloJrlreHa Ha BbrcoroM HayqHoM ypoBHe 14 rrpeAcraBrrer co6ofr
3aKoErreuHylo Hayrrno_KBartr0zxarlaouuyio pa6o'ry, KOTOpa_rr nocBrrueHa
PA:PA6OTT<C TEXHOJIOIIII4 ,,OIYqEHI.'-'I AIICNCPCHBIX NOPOIIIKOB METII U TIAJIIIANNA U3
*IIAKII x orxoAoB ralrbBa'rrqec*Lr x rr rrzApoMeru'rypraqecKr4x nporl3BoAcrB, B
ocHoBy xoropofr rroJroxeH ycoBepme'creosa'Hrril rrApoxap60uz:*nrrft cnoco6
nepepa6orr<u cMerlranlrEr) ( HI43KOKaqecTBeHHBrx npoMlpoAyKTOB.

llo4o6panHue orrrrrMuurBH;re pexr.rMr,r rroJryqenlr, [opolxKoB Mear4 rr
naJrIraArrfl c 3araH'brMrr rpaHyJroMerpuirecKzM[ napaMerpaMr.r, rro3BoJrr.rJrrr
IIPCANOXIITB YCOBCPIICHCTBOBAHHYIO TCXHOJIOI-IIO CO3AAIIU, L".TETIT,fr II3
B'rCOKOqrcrI'rx Mi4Kp.ArrclepcHbrx Merzl,-rJrr4qecKr4x [oporr]KoB 4;r_a pa:pa60rr<u
coBpeMeHH'rx uanora6aplrruBrx BaKyyMH'rX cBy-npa60poB rr fa3.pa:|prAHbrx
COz-ra:epoe.

AeroPe6epar u ony6Lrr.moBagH;re pa6orlr IIOJII{OCTbIo oTpaxaloT
coAepxaHrie ArrccepTarlrrr4.

llo HayrrHoMy ypoBHro, noryrre'HbrM pe3yrbraraM, co,4epxaHrrro rr
osoprrrnenarc npeAcraBJreHHar Arrcceprarl rto'Hafl pa6ora yAoBnerBoprer BceM
rpe6oaaHuxv n.n. 9,14 llo:roxenr.i.s o [prrcyxAeurru yrreHrrx creneHeil,
yrBepx'.eHHoM rlocra'oere'r,reM rpaBr4rerrbcrBa p@ or 24 ceurx6px 2013 r. Ns842' a ee aBTop' Marcr'rnaos B:raAzlrap Bra4arrar'ponlrv, 3acJryxr4Baer



NPI'CY,*AEHU' YTICIIOfi CTE''CEII ..AHNUAUTA TEXHT' qECKI4X HAYK ,,O C,,EIII' AJI'HOCTI{
05. 16.06 - Ilopourroeaa Mer€urnyprr4, rr KoMrro3trrlr4oHrrbre Marepr4aJrhr.
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