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orrnoHeHTa FIa AI4CCepraUHro CoAlrxoeofi CaQapryn

CaHAxour{AoBHbr Ha reMy: <<@usuKo-xtlMl{r{ecKl{e ceoftcrna crIJIaBoB cncreu Zn-

Al, Zn-Cu u Zn-Pb>>o tpe4craBJreHHyro Ha cor4cKaHl{e yudHoft crelleHu KaHAuAura

rexHurrecKr,rx HayK rro cnerlnaJlbHocrlr 2.6.17 - MarepraaxoBeAeHue (rexuHqecKl'Ie

uayxn).

Oqenna aKTyaJrbHocr[r reMbr ArrccepralllroHHoro HccJIeAoBaHIrr. I-{zux u

efo coeAr,rHeHh.f, 3aHr4Maror oco6oe Mecro B ptrAy MeraJIJIoB, Koropble aKTI4BHO

rrpr4MeHrrorcf, B pa3nr4rrHbrx orpacnflx npoMblrxneHHocTrl vr [poI43Bo,4cTBa. Ha

Har{aJro XIX seKa rIraHK lo6rrsarcf, B MI,IpoBoM Maculra6e se 6onee 900 roHH B ro.4,

oAHaKo cefi.{ac Ao6rr.{a qrrHKa B MI4poBbIX MacirlTa6ax npeBbllxaer rloKa3arenr n 10

Mr4JrJiHoHoB TSHH exeroAHo. I-{uHrc Haurdl rxr4poKoe npHMeHeHI4e B coBpeMeHHbIX

ycnoBr4rx B 3aBrrcr4MocTr4 oT efo copTHocTLT trllfl, Ilonyr{eHl4.f, II?IHKOBbIX COeAUHeUilfr'

Ut{HKoBbrx uony$a6puxaroe, crrJraBoB Ha ocHoBe IIHHKa, a raKxe An.a UI4HKOBaHI4fl

craJrbHblx uznetuit.
I_{uHx rxupoKo HcnoJrb3yercr B Ur4HKoBaHLrvr pa3I[4t{HbIX uzl.ettuitt B KarlecrBe

3aulr4Tbr or Koppo3r{oHHbix eo:4eftcrenft. KpoMe r{Ircroro IIrrHKa, criJIaBbI Ha ocHoBe

TIHHKa raK6e xopotuo 3aulr.rqaror noBepxHocTl{ or Koppo3I4H. I{IaHroBaHI{rc

rroABepfaroTcq pa3ll,rr{Hbre r43$envfl, 3TO JII{CTOBa.I CTaJIb, UpOBOIIOKa' [eTaIII4

aBroMaixuH, npu6opon, rpy6rr rpy6onpoBo.4oB vr pa3lruvLHble BI4AbI apMarypbl. Tar,

B crpor4TeJrbcrBe, pacxoA III4HKa cocraBrlqer [pnMepuo 50o/o or Bcero flonyqaeMoro

MeTarruqecKoro Ur4HKa 14 npHMep]Ho 650/o oIII4HKoBasHofi Jlt4crosofi cTaJII4. TarNe

oAHrrM Lr3 ocHoBHbrx uorpe6urelefi qIrHKa flBIrflerafl. anrouo6unbHaf,

npoMbrrrrJleHo crb, n xoropofr I4 cnonb3ylorct oIIIzHKoBaHHbIe JII4crbI.

B upoiunrrxJreHHocrr{ rrpaKTr,rqecKr4 He npllMeHflercr HeJlerl{poeasnuft qI'IHK,

xoroptrfi ro cpaBHeHr4ro c JrerHpoBaHHbIM IITTHKoM oSlaAaer 6onee HI43KI4MI4

MexaH[rrecKr4Ma, TexHoJroruqecKuMn lt SrasuvecKnMrl ceoficrsauu. lloeroMy .4nf,

ynyqrxeHu{ pa3nHrrHbrx xapaKTepHcTr4K UI4HKa, ilpI4HtTO JIefI4pOBaTb efo

pa3nur{Hbrnru lo6aBKaMr{ c qeJrbto yJryr{ureHl4fl onpeneldnurtx 3aAaHHbIX cBofrcrB.

fauuax 3agLalia peuaercf, r,lcrroJrb3oBaHl4eM nefl4poBaHHofo qHHKa. B

npoMbrr[neHHoM KoMnJreKce uclloJlb3yerc.t [puIMepHo 20Yo or Bcero ilolyrlaeMofo

o6r€lla rIr4HKa. Ocnonutrura nerurpyrculrrMl{ Ao6aexaN{I,I, ynyqruarcqrlMll

xap aKTep i{crI4KH IIuHKa, f, B JI-aIorc q M eA b u attwtvtvtuttit'.

K HacrotrrrdeMy BpeMeHr4 B nrrreparypHblx rIcrotIHI{Kax orcyrcrBylor

cgcreMarr.r3r4poBaHHbre AaHHbre o BlrvrflHl4w Ha Koppo3l4oHllocrofrnocTb,

KHHeTI4qeCKI4e, TepMOAI{HaMI{qeCKIIe XapaKTepvIcTuKV, rennoevtrocTb IIHHKa, MeAu,

aJrroMr4Hr4fl 14 Apyrux Ao6aeox. OAHar<o rrMeloqaflcfl. B nl4Teparype unSopMaIII4s



rloKa3blBaer Ha ynyqueHl4e xapaKTeprrcrHK rIr4HKa pa3rurrHbrx MapoK, cIIJraBoB Ha

efo ocHoBe npr4 r4x nefr4poBaHr4H pa3nr4rlHblMrr SJreMeHTaMr,r.

Crpyxrypa, coAeplxaHlle u odnenr Arrcceprarl[u. flucceprarJrroHHair pa6ora
cocrol4T rr3 wegeuux, 4 rJraB, BbIBoAoB, crrucKa nurreparypHblx r4cror{Hr{KoB vr

fipunoxeHux. fuccepralll4t I43JIo)KeHa sa 145 crpaHr,rqax KoMrrbrorepHoro Ha6opa,

BKrroqaer 36 ra6rrwl, 58 pI4cyHKoB. Cnacox nr4TeparypHbrx r4crorrHzKoB BKrroqaer
1 18 HaHnaenoeaHnfi.

Bo BBeAeHITI{ I43JIoxeHbI npeAnocbrnKr4 tt ocHoBHbre upo6lenarr
r4ccJreAoBaHnfl, o6OCnOeaHa aKTyanbHocrb pa6omr, pacKpbrra crpyKTypa

AIjACepTarJuLr.

B uepeofi rJIaBe paccMorpeurr o6racrrr Hcrrorlb3oBaHr{r qr,rHKa r{ ero crrJraBoB

B Kar{ecrBe nporeKTopHoro Marepr4ana; crpyKTypoo6pa:oBaHur ra ceoficrBa crrrraBoB

III{HKa c anroMHHHeM, MeAbro u cBHHr{oM; renno@aer4r{ecKr4e ceoficrea v
renlo€tvtxocrb UI4HKa, aJIIoMvrHHfl, MeArr r4 cBHHr{a; crpyKTypHbre cocraBJrf,roulue 14

Sasrr B oKcTIAHbIX IIJIeHKax Ha ocHoBe rdrrHK-aJrloMl{Hr4eBbrx crIJraBoB; Koppo3?IoHHoe

14 aHoAHOe noBeAeHrre rIr4HKa rr noKpbrTufi ua efo ocHoBe.

Taxuv o6pasona, B cB-f,3l4 c orcyrcrBr{eM o6o6uenHbrx AaHHbrx o Sra:uxo-
xI4MI4r{ecKI{x ceoficrnax cnJIaBoB III4HKa c aJIIoMi{HIreM, MeAbro u cBI4HIIoM

nocJIeAHI4e 6rrln B3rrbl ALIccepraHToM B Kar{ecrBe o6rexra r4ccrreAoBaHus. n AaHHofi

ArrccepraquouHofi pa6 ore.

Bo nropofr uane npHBeAeHbI pe3ynbrarbr r{ccneAoBaHufl renroSa:i4qecKr4x
ceoficre 14 I43MeHeunfi repnaotruHaMvrr{ecKr{x Syur<urafi crrJraBoB TIHHKa c aJTroMr{HneM

MEAETO I4 CBI4HUOM.

Tpernr rJIaBa [ocBf,IrleHa 3Kcnepr4MeHTaJ]bHoMy r4ccneAoBaHrrro Kr{Herr{Kr4

oKI4CJreHI4.[ CnnaBOB UI4HKa C anrOMI,rHr4eM, MeAbro u cBi{HIIoM, B TBepAOM COCTO{Hr4r4.

B uereeprofr rJraBe npI4BereHbr pe3ynbrarbr noreHuxocrarrrrrecKoro
IICCIeAOBAHVIfl CIIJIaBOB III4HKa C airIOMr4Hr{eM, MeAbIO V CBT4HIIOM B ApeAe

3neKrponr.rra NaCl.

tzccepralll4oHHa.s palora 3aBeprxaerc.f, o6uluura BbrBoAaMr4, crrr4cKoM

rlr4TnpoBauuofr nr4Teparypbr r4 nprrnoxeHr4eM.

Hayuuar HoBI{3Ha v [paKTl,rqecKafl 3HaquMocrb pa6oru. Ha ocHoBe
3KcnepI4MeHTaJrbHbIX 14ccneAoBanufr, aBTopoM ycraHoBJreHa reMneparyp*afl
3aBl4cl4Mocrb yAenbnofr reu;roeuxoctrz H r43MeHeHufr repvroAr4HaMr4r{ecKux $yHxrlufi
cIIJIaBoB I{HHKa MapKI4 I{800 c aJIroMHHHeM, MeAbro u cBr4HUoM. Ycrasonlesrr
KHHeTI'IqeCKI4e U sHeprerHrlecKHe napaMeTpbr rrpoqecca oKr4cJreHl{f, yKa3aHHbrx

crrJraBoB B TBepnoM cocTo.rrHr{r{.

Mero.qou repMorpaBl4Merpl4l4 r'rccJle.uoBaHa KI{HerI4Ka oKI4cJreHI{fl cnJraBoB

cl4creM Zn-Al, Al-Cu v Zn-Pb, B TBepAoM cocro.f,lrnn. VcraHoBJreHo, r{To r4Meer
Mecro o6[Ias TeHAeHIII4-f, K yBeruqeHr4ro cKopocrrz oKrrcJreHu{ c pocroM



TeMnepaTypbl I4 KoHIIeHTpaIIIIIiI B ClJraBe Jreflrpyrcqero KoMrroHeHTa. Kaxyqarc.r
3Heprl4f, aKTI{BaIII4I4 npoqecca oKr4cJreHr4.rr crIJraBoB, coAep)Karrlr4x €urloMr4Hr4fr, ue4r n
cBI4HeU, [pI4 nepexoAe oT cnJIaBoB c aJIroMrrHZeM K cIrJIaBaM C Me.4bro I,I CBT,IHrIOM

yBeJIurIHBaerc{. MexaHusM oKrrcJreHr4.rr cnJraBoB noArruH;rercfl rnuep6onur{ecKoMy
3aKOHy.

[nccepraHToM noreHl{rrocrarr4rrecKr4M MeroAoM B [oreHrlr4oAl{HaMurrecKoM

pe)KI4Me npl4 cKopocrl4 pa3BeprKu 2 wBlc r4ccJre.qoBaHo aHoAHoe rroBeAeHue crrJraBoB

I{I4HKa c anroMI4HrIeM, MeAbro r4 cBrrHrIoM B cpeAe 3neKTpoJrura NaCl. VcrauonJreHo,
rITO JIefHpOBaHI4e qI{HKa yKa3aHHbrMr4 MeTaJrJraMr{ gO 2,0 wac,Yo rroBbrlrraeT efo
aHoAHyIo ycrofiuueocrb Ha 15-20%. llpra nepexoAe or crrJraBoB c anroMr.rHr4eM K

CIIJIABAM MeAbro cBI{HTIOM IrOTeHrIr4Zlnbr cBo0oAHoLr Koppo3r4r4

rll4TTHHroo6pa:oraHlI.f, yBeJlnqr4Barorcr, T.e. cMerqarorcs n 6olee [oJIo)Kr4TeJrbHyIo

o6lacrr sHa.{enufi. Cxopocrb Koppo3uw a\naBoB TIHHKa c anroMr4HueM, MeAbro 14

aBI4HI{oM rIpI4 nepexoAe or cnJraBoB cr4creMu Zn-Al K cnrraBaM cr4creM Zn-Cu, Zn-
Pb - ynaeHbrrraerctr.

[parcruuecKaq 3Haqr.rMocrb padorrt 3aKJrroqaercfl B ToM, rrro
upone4enHble 3Kcrlepl4MeHTanbHbre r{ccneAoBa[vrfl noMorJrr{ BbrtBr,rrb orrr}rM€urbHble

KoHIIeHTparJuvr €uIIoMrIHlrf,, MeAr4 u cBHHrIa B rIr{HKe, Ha ocHoBe qefo 6utn
pa:pa6oraHlr cocraBbl cIIJIaBoB, orruqalo[]vreefl. asoAnofi ycrofiuurocrb]o.
I4cnomsoBaHl,Ie qI{HKoBbIX c[naBoB B Kar{ecrBe aHo.qHofo 3arrdr4THofo noKpbITI4t

craJIbHbIX uzgenufi, KoHcrpyKr\uit u coopyr{eHufi uleer 6olrruoe nper{Myrr{ecrBo.

BrtnolHeHHble Hayr{Hble I4ccJreAoBa:nufl. nocJry)KurJrrr ocHoBoft 4nx pa":pa6ou<z

cocraBa HoBbIX cnJIaBHbIX iloKpbrrl,Ir4, xoropnrfr 3auII4uIeH MaJIbIM IIareHToM

Pecuy6nuxn TaANuKr{craH J\|l TJl160 or 25.05.2021r.
Ocnonurte rroJrolKeH I{r, B br HocH Mbre Ha 3a IrIr{Ty :

-pe3yJlbrarbl I{ccJIeAoBanr4fl reMneparypHofi 3aBr{cr4Mocrr4 y4ennHofi
renlo€trtr<ocrl4 14 I{3MeHenufr reprr,roArrHaMr{qecKr,rx SyHrcqrzfi (suralrnrarr, 3HTpolur,
3Heprr{fl fu66ca) crrJraBoB c}rcreM Zn-Al, Al-Cu uZn-Pb;

-pe3yJlbrarbl I4ccJleAoBaHvrfl. Kr{Herr4Kr4 BbrcoKoreMneparypHofo oKr{cJleHr4t

cIInaBoB III4HKa MapKH fF00 c aJrroMr4Hr4eM, Me.qbro u cBr4HrIoM B TBepAoM

cocroflHur4, B arMocSepe Bo3Ayxa;

-pe3ynbrarbl peHTreHo$a:onoro analrvsa npoAyKToB oKrrcJreHr4f, cnJraBoB

rIr4HKa C aJrroMr4Hr4eM, MeAbrO r4 CBTTHTIOM npr{ BbrcoKr{x reMrreparypax;
-pe3ynbrarbl accneAoBaHufl. aHOAHO|O rroBeAeHr4f, ClJraBoB rILrHKa MapKr{

tF00 c aJrroMHHHeM, Merbrc r{ aBr.rHuoM B cpeAe oJreKTpoJrura NaCl.
Jluqnrrfi BKJTaA aBTopa 3aKrloqaercf, B aHarrn3e Jrr,rreparypnbrx ,qaHHbrx, B

noaraHoBKe 14 peIxeHI,Iu 3alarr. r4ccJreAoBatruit, npoBeAeHl4kr gKcrrepl{MeHTaJrbHblx

I4ccJleloBattuitt n na6oparopHblx ycJroBr4rx, analryr3e [onyqeHHbrx pe3yJrbraroB, B

Q opuynrap o BKe o cHoBH brx rrolr o)K e uuit n BbrB oAo B Alra a epraur4r{.



flo reuau4Ke Ar4cceprai{r4oHnofi pa6our ony6rr4KoBaHo 13 pa6or, vrz uux 4

crarbr,r B xrypHanax, peKoMeH.{oBaHHrrx BAK MunucrepcrBa Bblcluero o6pa:onauux

u HayKyr Poccufrcxofi (DeAeparryrv) z 8 crarefi n Mareprr€rJlax MexAyHapoAHbIX I4

pecnySnuKaHcKr{x ronSepeHurafi. TaroKe nonyqeH oArrH ltarutfi rIareHT Pecny6nvlru

Ta.uNHxHcraH.

CooreercrBue a eropeQepara coAe plr(a Hr.r ro Arrccepralln u. B aurope$epare

Ar4cCepTarlrrr4 r43no)KeHbr ocHoBHbre [oJro)KeHlrfl, vr BbrBo.Abr, rroKa3aH BKnaA aBTopa B

[poBe.{eHHoe IIccJIe,4oBaHtIe, cTeneHb HoBLr3Hbr kI npaKTl4rlecKaf, 3Har{I4MoaTb

pe3ynbraroB r4ccneAoBa:nnfl, o6cyN4eHrr [onyrreHHbre HafrHbre pe3yJrbrarbl.

Aerope$epar nonHocrbro coorBercrByer coAep)KaHnro ,qr{ccepraldrloHHofi pa6our.

fnccepraqr4oHHar pa6ora orBer{aer ryHKraM n.I; n.2; n.3; n.6; u.10; n.16 uacnopra

c[erlr4anbHocrr4 2.6.I7 - Marepr4anoBeAeHr{e (rexuuuecKl4e nayxn).

flo Aucceprarlrru MornHo cAeJrarb cJreAyrculre 3aMeq al:afli
1.8 AacceprarllrouHofr pa6ore 6omruoe BHr4MaHr4e yAen.sercr onpeAeJleHlrro

:aeucr4N{ocreft Kr{HerHKrr oKr{cneHhfl u Apyrr4x xapaKTepvrervK cnJraBoB or r4x

cocraBa, c yrreroM coorBercrByrorrlux paBHoBecHbrx AI{afpaMM cocroflHurfl. O4Haro,

uu o.{uofr .qnarpaMMbr cocroflHrr-f, co cclrrr<ofi Ha [ocJreAHr4e ny6nurcaqurr, KaK B

cnyqae 4nofiurx, TaK u rpoftHux cr{creM He npl4Bo4urcfl.

2.8 pa6ore aBTopoM paccquTaHbr Jrnrub r43MeHeHr4.rr repMoAr4HaMr4qecKr4x

SyHxqrfi crrJraBoB B HHrepBane reMneperyp, a o6cyx4arorcx r4x a6coruorurre

Berr4rrnHbr He rro xapaKTepy nx rr3MeneHufi.

3.3nercrpoxr4MuqecKr4e r4acJre.qoBaHkrfl. cnJraBoB BbrrroJrHeHbr roJrbKo B

uefirpanrnofi cpeAe orreKrpoJrr4ra NaCl. Cre4oearo ilpoBecrl4 noAo6Hrre

r4ccneAoBaHufl. B KracJrbrx u qeroqHbrx cpeAax, qro Aano 6rr Bo3MoxHocrb

nocrpor4Tb 3aBncrrMocrb cKopocrrr Koppo3r4r4 crrJraBoB or pH cpeAbr.

4.8 reKcre 1r4aceprauuu Bcrper{arorcfl op$orpa$HrrecKr4e vr rexHnrrecKr4e

ourn6rur. Tarc, HauprrMep Ha crp. 18.37,75,109 vr.A.
OrNae.reHHbre HeAocrarKr4 He yMaJrflror Hayr{Hya r4 npaKTr.rqecKyro ueHHocrb

nonyrreHHbrx pe3yJrbraroB 14 He cHr,rxaror aKTy€urbHocrb Ar4ccepraqNonnofi pa6orsr.

3am.nroqesue

{ucceprallnoHHar pa6ora CoAuxosofi Ca$apryr Can,qxoMrrAoBHbr .flBJr.fierc-rr

3aKoHrIeHHofi uayuHo-KBaJraSraxaquounofi pa6orofi. Ha ocHoBaHurr BbrrroJrHeHHbrx

aBTopoM HccJleAoBalnuit paspa6oraHbr reoperr4r{ecKr4e rroJroxentrfl., coBoKynHocrb

Koropblx MoxHo xna;rraSuqnpoBarb KaK Hayr{Hoe Aocrr4)KeHr{e B o6lacru
MareplaanoBeAeHu.f,. Eonrruofi 3Kcrrepr4MeuralrHrrfi u pacuerrtrrfi Marepr4aJr,

HoBH3Ha Hayr{HbIX noroNeHufr w BbrBoAbr, [peAcraBJleHHbre B pa6ore, Aaror
ocHoBaHI4e cql4Tarb, rrro Ar4cceprarluoHHa.rr pa6ora CoAzxoeofi CaSapryn



Cau4xorvruAoBHbr Ha reMy: <<@Hsr,rKo-xuMr4qecxne csoficrBa crrJraBoB cl{crew Zn-Al,
Zn-Cu u Zn-Pb>>, coorBercrByer rpe6oaaur{.flM nyHKron 9 <<lloroxenl4.f, o IropsAKe

npucyxAeHl{tr yqeHbrx creueHefi>>, a ee aBTop .qocrouH npl,IcyxAenLrs. uct<otuoft

yueuoft cre[eH]r Ka:np;u4uta rexuurrecKux HayK no crrerlr4aJrbnocrrl 2.6.17

MatepuaroBeAeHl4e (rexun.IecKr,Ie uayxu).
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