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BeAyrqefi opraHu3arlrr{ Ha ArrcceprallrloHHylo pa6ory AuuHonofi Hnrope

AprnHonge Ha reMy: <(@rl3uKo-xnMuqecKlre cBofr crBa III{HKoBoro crlJraBa

IfAMCe4-l-2rS c qeflorrHo3eMeJrbHbrMn MeraJrJraMrl))r rlprlcraBJreHHylo Ha

cor,rCKaHIIe yqeHofi CTeIIeHII KaHAIIAaTa TexH[rIecKIlx HayK IIO

creqrlaJrbuocTfl M 2.6.17 - MareplraJroBeAeHre (TexHrlqecK[e HayKH)

Axmy anouo cmb meMil d ucc epmaquu. I{zHronrre crrJIaBbI npeAcraBJlf,Ior

co6ofi cfIJIaBbr, B Koropbre IIoMr4Mo ocHoBHoro MeriLtIJIa - III4HKa, cocraBJr.flIoulefo

He MeHee r[oJroBr4Hbr Bcefo cocTaBa, BXoAtT npI4MecI4 ApyfI4X SJIeMeHTOB, KaK

npaBgJro, Toxe Mer€urJroB. flo cloco6y o6pa6orxl4 cIrJIaBbI Ha ocHoBe III4HKa

4enflTcfl Ha ABe rpylrrbr: qr4HKoBbre nr4TefiHbre vr Ae$opMI,IpyeMbIe cIrJIaBbI, TaKxe

K CUIaBaM IIpLIH-STO OTHOCLITb MapKLI

Hau6onnuee rpuMeHeHLIe

aBToMo6l4necrpoeHl{t. l4s HLIX

rII4HKa reXHUqecKoLI qplcrorbl.

I{AMu rloJr}qunu B cQepe

rrporl3BoArT TOHKOCTeHTTbIe Koplyca

Kap6rcparopoB r4 HacocoB, peurerKn, pa4r4uropoB tI 3JIeMeHTbI rn,4paBnllqecKoro

TopMo3a. lloArunnuvKoBafl rrpoMbrrxneHHocrb Ilcnonrcyer cIrJIaBbI KaK Marepuiu

Anfl r43foToBJIeHkIg. rroAIIrprrrHI4KOB l.nfl CKOJIb)KeHHi[ H MOHOMeT[LIIJII4qeCKI',IX

BKJraAbrrrrefi. B reKcrr{JrbHoM rrporr3BoAcrBe rlo rrprl.IuHe cnoco6Hocr]I cnJIaBoB

xopolllo nepeAaBaTb cJroxHbre oTTeHKr,r, I{3foTaBJII{BUUOT 3aCTeXKH, KHOIIKH I4

rryroBrlrlbr. B uuuleBofi [poMbrrrrJreHHocrl4 cIIJIaBbI Mo){Gro Bcrperrrrb B KaqecrBe

Marepr4zura AeraJrefi xonoAr,rJrbHlrKoB, [ocyAoMoeqnblx MaIIIHH u npouefi 6rtronofi

TCXHLTKII.

I_{enr Ar{cceprarluounoft pa6orrr 3aKrroqasrcs B ycraHoBnentrv BIrLrflIfIdn

Ao6aBoK Kuurbrlur, crpoHrlrarr u 6apnt Ha renJloeMKocrb Lr repMoAI4HaMI'IqecKHe

Syurquu, KlrHeruKtr BbrcoKoreMneparypHoro oKncreHus vr Koppo3ploHHo-



gneKTpoxuMr'rqecKoe rroBeAeHkre rlrrHKoBoro crrJraBa IlAMCn4-l-2,5 Ha ocHoBe

Hl43KocoprHoro quHKa. ?Ignecruo ucrroJrb3oBaHr,re yK€BaHHoro cnnaBa B

rrpr4oopocTpoeHr4 n, nonurpaQnqecrofi npoMbrrxneHHocTt4, aBHAL\EA,

anrouo6unecrpoeHvrfl, cy4ocrpoeHlrr. .{annrrfi crrJraB TaKx{e Hcrronmyercfl. Mrfl.

JILITb' aHOAOB-IIpOTeKTOpOB, TTpOH3BOACTBa [OArXr4nHr4KOB 14 ftLrrbBaHlrrrecKrD(

3JIeMeHTOB, a TaKXe KaK rIOKpbrTLI.rI CT€LIIbHbIX JIZCTOB.

,,{nr npeaorBparr{eH[rr Koppo3r{u )Kene3a Lr crrJraBoB Ha ero ocHoBe (cranefi)
pacxoAyerct Ao 50% rolyqaeMoro npoMbrruneHHocrbro rIkrHKa. OAtrnla rr3

lepcrIeKTLIBHhrx cuoco6or 3arrlrrrbr craJru or Koppoguvr flBLs.eTc.f, lrclonb3oBztHle

HoBhIX TITIHK-€uIIoMr{HueBbrx crrJraBoB Tnrra Zn5AI v Zn55Al c roproBbrM

H€BBaHI4evr fanrQar' I u II. Irlcnonb3oBaHr4e TILTHK-rurroMr4HLreBbrx crrJraBoB KaK

3aITII,ITHIIX noKpbl ruit crarbHbrx usgeruit rlo3Bonrer [onJrqr4Tb gKoHoMu.recKufi

eQQercr 8,1$ c 1u2:arqnuaevrofi rroBepxHocrLr.

Ocruo eno e co depucaaue p afiomot
flo pe:ynbraraM LrccneAoB arruir AprccepraHrola ouy6JrrzKoBaHo 2 0 nayruru<

pa6or, LI3 HLIX 3 crarsu B peqeH3r{pyeMhrx HayrrHbrx )KypHanax, peKoMeHAyeMbrx

BAK MuHIacrepcrBa HayKr4 r4 Bbrcurero o6pasoBaHvfl Pocczficxofi @e4epa\wr4 
'r14 crareir B MarepvaJlax MexAyHapoAHbrx u pecuy6JrriKaHcKr{x rcon$epenqrd.

Taxxe [onyqeHo 3 rualrrx rrareHTa Pecny6nraru Ta4xuKr.rcraH.

Bo BBeAeHrru rr3JroxeHbr rrpeArrocbrnKLl

rrccneAoBaHufl"- ooocHoBaHa aKTyanbHocTb

ilvccepralJxpr.
B nepnofi rJraBe npeAcraBres o6eop nr{TeparypHbrx AaHHbrx o csoftcrsa u

o6lacrgx [pLIMeHeHLrr rIr4HKa u ero cnnaBoB; renno€vrrcocrtr vr

TepMoALIHaMI4qecKLIe Qynxqzl4 IIIIHKa, aTITMLIHI{fl, MeAr\ cBrrHrla; oco6eunocrR
BhICOKOTeMrIepaTypHOfO OKLrCneHLrrr rILrHKa Vr qVHK-€rJrrOMAHlreBbrX CIIrraBOB C

IqenoqHo3eMeJIbHbIMLI MeraJrnaMr,r; BIruflHLre IqeroqHo3eMeJrbrrbrx MeraJrnoB Ha

aHoAHoe rloBeAeHkre rILrHKa u rlr,rHK-anroM?rHrreBhrx crrlrzlBoB. Ha ocnoBe

BbITIOJIHeHHOfO O6SOpa rrOKa3aHO, rrro rennOSZSVqeCKue H TepMoAlrHaMr{qecKHe

QyHxqnz, KLIHeTIIKa oKucJIeHI4n, aHoAHoe rroBeAeHl{e qrrHKa 14 rl}rilc-
IUIIoMLIHHeBbIX crIJIaBoB c [IenorrHo3eMeJrbHbrMr4 MeraJrrraMvr xopomo nsy.renrr. B
cBfl3vr c orcyrcrBrreM cl4creMarr4qecK[rx AaHHbrx o Sx:zro-xuMr{rrecKrD(
ceoficrnax qI4HKoBoro crnana I{AMCe4-l-2,5 c KuurbrlzeM, crpoHrlr.reM a 6apuel,t

nOCJIeAHLIe ObIJII4

Auccepraqzonnofi

B3-{Tbr B KarrecrBe o6rerra uccneAoBaHlas, B Aanuofi
pa6ore.

Bo nropofi rJraBe aBTopoM [pr4BeAeHbr pe3ynbrarbr r{ccJreAoBa:avrfl

BIIUflHVTe rIenOqHO3eMeJrbHbrX MeTaJIJIOB Ha TeMlrepaTyprryrc 3aBuCLrMOCTb

rennodvrrcocrt4 z LI3MeHeHr4e repMoAlrHaMrarrecKux SynrqnrE rILrHKoBoro crrJraBa

I{AMCn4 -1-2,5.

pa6orrr,
OCHOBHbIE

pacKpbrra

IIpooneMbr

crpyrffypa



ArrccepTaIIH[r IIocBq[IeHa KCCneAoBaHHIO KI4HerI4KI4

".",,1n;;il"J:::.ffi;;i,ffi;;-:;;:;;;arrbur4eM'crpoHrrreur'r6apueu'
B TBepAOM COCTOqHULI'

B uerneProfi

rtoBblrrleHu-fl anoAHofi

rJraB€ AIICCepTaHTOM IrprIBeAer{bI HarrHble ocHoBbI

ycrofrqHnocrll crnaBa I{AMCn4-I-2'5 c KaJIbuI'IeM'

cTpoHrluervr u 6apueu'

,I[.uccepralll4oHHa'pa6ora3aBepnaeTc'o6ur,rr'auBbIBoAaMH'cIII4cKOM
qI4TI4 poBaHno fi lnreparypbl u npuno )KeHIleM'

B 3aKrroqeHue ALICCepTaIII{LI c$opuynupoBaHbl ocHoBHbIe BbIBOAbI IIO

pe3yJIbTaTaMpa6orrr,cBI4'4eTeJIbcTByroxIHeopeIIIeHI,lLl[ocTaBJIeHHbIXIIepeA

corrcKareleM 3aAarl r'ccJreAoB aHr4g,. 3armoqureJrbrrbre BbIBoAbI AlIccepTaIILlvI' B

IIeJIOM,AocToBepHbI}IcooTBeTcTBytoT[on)^{eHHbIMpe3ynbTaTaMlflvlxaIJaJII/3y,

Cnucox Ill4rllpyeMofr lurepaTypbl BIIOJIHe oTpaxaeT cI'ITyaIII4Io s o6nacru

r4ccJIeAoB auvfl"CneAyer orMerl{Tb' rrro crrllcoK Jlureparyprr o0oprr'rneH rpaMorHo'

r4Iro3BOJIqeT [onyIIITb IIOJIHOe [peAcTaBJIeHue o III4TI4pyeMoM I4CTOTIHI4Ke'

Hayunan HoBrr3Ha lrccJreAoB alnutrt'

vcranoeleHrr ocHoBHbIe 3aKOHOMepHOCTLI I43MeHeHLI-tr Te[JIOeMKOCTI4 14

TepMo,{I4HaMI4IIecKlIXsyrrrurafi(errralrntar,sHTpo[I{'v|3Hepfl4'|u66ca)
quHKoBoro crrJraBa I{AMCn4 -!-2,5 c KanblrlleM, crpoHlrueM vr 6apraeu B

3aBr4Cr4MOCTr4 or TeMneparypbr vr KOJrI4rrecTBa Jlerupytoqero KOMrroHeHTa'

florasaHo'IITOcpocToMTeMIIepaTypbITeIInoeMKocTb,3HTpo[LIgI49HT€UIbIII4f,

ullHKoBofo ",,nu"u 
IIAMCB4 -I-2,5, nefupoBaHHofo KaJIbIII4eM' cTpoHIIueM 14

6apueu yBenlrrrlrB a:oTcfl., a 3Heprl{fl fu66ca cIIJIaBoB yMeHbIIIaeTc{' c

yBeJruqeHr4eM AOnr4 KaJIbIILI'' atpo"u"" 14 6apur' B cIIJIaBe IIAMCe4-l'z',s

3HTaJrbfrr4r u 3HTpOIII4{ yBeJlutlt4BaloTct' a 3HaqeHI4e sHepfllt fu66ca uMeeT

o6paurYro 3aB[cl{Mocrb'

Ilora:auo, f,ITo c pocroM TqMneparypbl cKopocrb oKI4cIrcHuA uI4HKoBoro

crrJraBa I{AMce4 -I-2,5, JrefLrpOBaHHOfo KUrJrbrIr{eM' crpoHU}IeM vr 6apueu' B

TBepAoM COCTOTHI'III' yBelI4aII4B AeTcfl" Koncrasra CKOpOCTII oKI4CJIeHI',ls lIMeeT

;;;; 10-a rr/rur2.c-'. ycraHoBrreHo, irro KuHerI'Ka oKHcrIeHI{t 
'ILrHKoBoro 

crlrlaBa

I{AMCB4-I-2,5cKaJIbIIueM'cTpoHIILIeM11-6apner'l[oIIIHH'eTcfl
runeP6onuqecKoMy 3aKoHY'

florerrqzocTaTHllecKllMMeToAoMBtIoTeHuHoAI4HaMI{I{ecKo}tpe]KH.\re[pLI

cKopo cTr{ pa3B epTKI,I II OTeHII UNru 2 vtB I c ycTaHOBJIeHO' sTo lo 6 asKH llerulp}-toul{x

KOMTToHeHTOB AO I,0 vrac.ohyBennql4BaloT KOpp03I'IOHH)'IO Crofixocrb HCXO]HOIo

crrJraBa I{AMC'4 -I-2,5 na 30-40o/o' tlpu 3roM or\leqaerct c',lBHf IIoreHuHa-Ia

Koppo3r4r{ tlcxoAHofo cILrIaBa B IIO--1O)I(HTe-1bH}-IO o6racG' Iloreuunanu

flllTTl,IHfoo6pa-eoean aA U penacc'Bau'I',I - Taro(e c\teulaloTcc B no-lo-tt'Te:IbHo\r



f

HarlpaBnenprr ocr4 opAlrHar. llpra uepexoAe or crlrraBoB c KarbrrueM K crlrraBaM co

crpoHrlneu u 6apuena na6nro Aaercfl pocr cKopocrr{ Koppo3r{n.

Ifp arcnwtecKan s H aq uJn o cmo p a 6 o mu.
BrrnornreHHble LIccJIeAoBaHvrfl rIo3BoJrI4rrI{ BbrtBRTb cocraBbl crIJIaBoB,

orrrlqarolqrrycfl nauuenuuefi oKr4cJr.{eMocrbro rtpH BbrcoKrD( TeMrreparypax pr

uo4o6pam orrrLtM€rrrbHbre KoHrleHTparlus nerupyrorrlru( .qo6aeorc (ranrqzr,
crpolqut n 6apun) AJUI rIoBbIIIreHr{.f, Koppo3r,rorrnofi crofixocru rrcxoAHoro crrJraBa

I{AMCn4 -l-2,5.
B IIenoM Ha ocHoBe rrpoBeAeHHhrx LrccJreAoBasytrt orAenbHrre cocraBbr

I{uHKoBoro crIJIaBa IlAMCn4-1-2,5, JrerupoBaHHoro Kutrrbqr,reM, crpoHrlzeM pr

6ap n e rvr 3 alqulq eHbr M €LIIII Mpr rr areHTaMra P e c rry6JrlrKtr TaA xu rracr aH.

IIy6nuxaquu.
flo pe:ylbraraM r{ccneAoBawuir ouy6luroBaHo 20 uaymrrx pa6or, v3 Hvrx

3 crarbr4 B perleH3upyeMhrx H'ay.rHrrx xypHaJrax, peKoMeHAyeMbrx BAK
MnnncrepcrBa HayKLI H Bblcruero o6pa:oBalnfl Poccuficxofi @elepar\ukr pr 14

ctareir B MarepuaJlax MexAyHapoAHbrx upecny6.rr{KaHcKLrx roH$epeHqufi. Tarxe
[onyqeHo 3 rualrrx rrareHTa Pecny6lzxn Ta4xuKr4craH.

P e xom eru d a qu u n o np aKm uq e c Korty uc n oil b3 o 6 aH uru p uyn b mamo 6.

1. Ha ocHoBaHIzLI rlpoBe4eHHbrx $u:raro-xkrMr4qecKrrx r4ccneAoBasuit

o6ocnoeaHbl rpaHl,Iqu o6racrrd Jrerr4poBaHr4r K€LJrbrIr{eM, crpoHqareM H

IIrIHKoBofo cnJraBa I{AMCn4-I-2,5. B qacrHocrlr rroKa3aHo, qro

oTITLIM€LtIbHoe KoJII4rIecrBo nerr4pyroqr4x oJreMeHToB B crrJraBe I-{AMCe4-l-2,5
coorBercrByer KoHIIeHTpaI\r4u 0,05-1 ,0o/o to Macce. Cnraerr c K€rrrbrlr4eM LrMeror

caurrfr Hzsrzfi rroKa3arenb Koppo3r.,rkt.

HayqHo

6apzerra

ucrIonb30BaHLIS

MunzcrepcrBy
Talxur<ncraH.

IIpoMhrrxneHHbrM

IlpoMhrrlneHHocTLI

2. Paspa6oraHHble crIJraBbI u cuoco6br r{x [onfreHrlfl peKoMeHAyrcTc.rr Ant
rrpeAnpr4rTuflM noABeAoMcTBeHHhrM

v HoBbrx rexnonorafi Pecrrv6nuru

3. Onrrrrmre naprkrr4 HoBbrx c[naBoB MoryT rrpou3BoAurbcfl Ha 6aze

focy4apcrBeHHoro f{pexAeHr,rJr <Uenrp rro rzccneAoBaHaro r{HHoBarlrdoHHbrx

TexHonoruit Haryuoualrsofi aKa4evlavr HayK Ta4xurucraHa) c qenbro rrocraBKr4

3ar{HTep ecoBaHHbrM rrp eAnp r4rTuflM r4 BeAoMcTB aM.

If o d uc cep ma qao HH o fi p ad o me uM e ru mca cn edy ru t4 ue J (uil eqaH un :
l. B reKcre aerope$epata kr Aucceprarluu prMerorcr rpaMMarruecK?re z

TexHLr r{e cr<ra e o uru 6rra .

2. Honaepa Bcex ra6tw\r4 pr4cyHKoB Aonlruu 6rrru cKBo3IrbrMLr.

3. He Bce AaHHbIe ra6r.u:q o6cyxgenu, He o6rscHenrr ycraHoBneHHbre

3KCnepuMeHT€UrbHO 3aKOHOMepHOCTLI.



4. B pa6oTe HeT o6tscHeHufi npl4r{uH pocTa UIV yMeHbuIeHI4's

TerrJroOu3HIIe cKIID( cBo ft cTB H TepMoAI4 HaMI{qecKID( $yHKrlzfi cnrtan oe'

5- KrrHeruKa oKlrcJreHvr crrJraBoB r43r{eHa JII{Irrb B TBepAOM COCTO'HI',IpI.

creAosalo rr3) rr{Tb KrrHeTlrrrecKlre xapaKTeppTcTvIKr4 HeKOTOpbrx cInaBoB TaKXe B

)KHJIKOM COCTO'HI4LT.

6. 3nerrpoxLtMr4rrecKkre uccneAoBaHr4fl, cIrJIaBoB BbIIToJIHeHbI ToJIbKo B

Hefirpangrofi cpeAe sneKrporlura NaCl. CIeAoeaIo upoBecru IIoAo6HbIe

r4CCneAOB AF{]1lfl B KI,ICJIbIX 14 UIeIOqHbIX CpeAaX' qTO AaJIO 6rr BO3MOX(HOCTb

nocTpOLITb 3aBLIc[IMOcTb cKopocTLI Koppo3un cIIJIaBoB oT pH cpeAbl'

O4naxo, yKa3aHHbre 3aMeqdHnfl, Hr4cKoJIbKo He cHl4xalor AocroI'IHcrBa

BbrrroJrHeHnofi pa6oru.

[uccepraryut Arrlunonofi Hurope ANrunoeHe npeAcTaBJrter coooLI

OcnosHoe coAepxarrve3aKOHqeHHyto HayrHo - llccJleAoBaTenbcKyto pa6ory'

pa6orbr orp31KeHo B aBTopcKr.x [y6nLIKaIIutx vr Ll3JroxeHo B aBTope0epare.

OcnoeHrre BbrBoAbr pa6oru o6ocnonanrr, I4ccJIeAoBaH.Id.fl, BLITTOJIH€HbI c

nplrMeHeHrreM coBpeMeHHbIX 3KCnepLrMeHTZLIIbHbrX I4 BbIqI{cJII4TeJIbHbIX MeroAoB.

3arcnnqeHue

[uccepraquoHHat pa6ora Aiuznoeofi Hnrope AvtuuonHe Ha reMy:

<<Ougraro-xl4Ml4qecKne ceoficrea III4HKoBoro cIIJIaBa I{AMCg4-I-2,5 c

rIeIorIHo3eMeJrbHbIMI4 MeTaJIJIaMLD>r flBlIfleTcg' 3aKoHrreHHofi HafrHo-

LTccJreAoBarenbcKofi pa6orofi. B Hefi Ha ocHoBaHHI4 caMocro-f,TeJlbHo

Bbr rro Jr HeHHbrx aBTopo M g Kc[epr4MeHTaJrbHbIX kI c cneA oF,a]Huil p eureHa aKTy€rnbHat

l;iay.e*afl. [po6neMa B o6nacrll MarepvanoBeAeHkre' cBfl3all'Hafl. c cyuIecrBeHHbIM

rroBbrIIIeHI,IeM 3KcIInyaTaIIHoHHbIX xapaKTepI4cTLIK I{AMCn4-l-2,5 c KzUIrIII{eM'

cTpoHIII4eM LI OappIeM.

B pa6ore pe[IeHa Bax(Hat sa1arIa, T.e' ycTaHoBneHa TeMnepaTypHM

3aBUCpIMOCT6 T9pMOAI4HaMLTTI9QKLIX, KLIH9TUTISCKI4X VI aHOAH6IX CBOfiCTB

rlrrHKoBoro I{AMCe4-l-2,5,nerr{poBaHHoro KanbIIueM, crpoHurleM a 6apueu,

KOTopbIe MOryT 6rrrr HCIISJIr3OBaHbI Anfl HPKA oTAeJIbHF'rx

rrpoMbIIuneHHocTI4.

Tarprru o6pasona, Aprcceprarlr4oHHat pa6ora Anaunoeofi Hrarope AtuHHoeHe

Ha reMy: ((@r43r4Ko-xrrMzrrecKr{e cBoficrBa III{HKoBoro crIJIaBa IIAMCn4-l-2,5 c

IUeIOqHO3eMenbHbIMI4 MeTaJIJIaMID) IIO aKTyaJIrHOCTH' O6reUy, COAep)KaHI'[O'

HayqHofi HoBLr3He, [paKTr{qecKofi 3Harrr{Mocrlr u anpo6awau rloJr1^reHHbrx AalrHbrx

rroJrHocrbro coorBercrByer rpe6oBaHr.I.f,M ((flonoxeHurl o [op{.4Ke npHc}t{(neHr4[

yrreHbrx crerreHefi), yrBep)KAeHHoro BAK MuuprcrepcrBo HayKLr H Bblcrlero

o6pasonaHr{.fl Poccnficrofi (De4epaqrar4, a ee aBrop AocrorlH rlpucyxAe]fllvfl' yreuofi

cTerIeHI4 KAH!.VI/:aTA TeXHLIT{eCKI4X HayK IIO CIeIII4AIbHOCTI4

orpacJIeLI

MarepualoBeAeHrle (rexuuuecKLTe HayKH).

2.6.r7
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