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Corosrenofi IO.nuu EoplrcoBHbr
<<Pa:pa6orKa KplloMexaHHrlecrcoro y[porrHe Hufl aBnaqr{oHHoro crrJraBa 895)>,

rlpeAcraBJreH Hofi Ha corrcKa HIre yuenofi cre[eHrr KanArrAara TexHrr qecKr{x
HayK.

Cneqna'nbHocrb 05.16.01 - <<MeraJrJroBeAeHHe n repMrlqecnaq o6pa6orrca
METAJIJIOB II CNJIABOB)>.

Axrya.rruHocrb reMbr
cogAa'ze KoHcrpyKI{I{oHHbIX MarepkrurJron, o6ecneqr,rBaroqr4x HaAexHocrb 14

pa6orocnoco6Hocrb aBIlaIII4oHHofi kr Kocruu.recKofi TexHr4Krr B reqeHr4e Bcero
neplaoAa ee sKcllnyararlun orHocl{Tc.fi K oAHoit uz sau6oJlee [prroplrrerHbrx 3o,uaq
rIpoMbIIlneHHocrI4 ' Peruenue srofi 3a.qaqu rroApa3yMeBaer pa3Br4Tr4e
MarepHaJIoBeAeHIa'f, B HanpaBneHI{I4 co3AaHl4.fl MarepzaJroB u rexuoloruft,
o6ecue'rr4Baroqr4x BbrcoKyro yAeJrbHyro npoq'ocrs r.r rperqn'ocrorr<ocrb.

{ucceprallrloHHa-fl pa6ora Conosresofi loruru Fopuconnu 1,ocB{uleHa
pa:pa6orre TexHoJloruu Kpl4oMexaHl4rrecKoro y,,poqHeHr4r BbrcoKorrporrHoro
€uIIoMI{HLIeBoro curaea B95 cLIcreMbI Al'Zn-Cu-Mg c qeJrbro 11oBbrrrreHr{.fl ero
Tpellll4Hocrofirocru ilpn coxpaHeHl{14 ypoBHr rpoqHocrHbrx csoficrs. Kpoue roro,
cyqecrByloque noAXoAbI K oI{eHKe [poqecca pa3pyIIIeHLIfl, npLIMeHteMhre B
Ilpol'I3BoAcrseHHoft [paKTI4Ke, olpaHutleHbr Bo3MoxHocrsMu uaHefruofi uexaHurz
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pa3pyrueHLrfl' B Al{cceprarlaoHHofi pa6ore npeAnoxena aJrbrepHarr4BHa.fl MeroAuKa
OIIeHKLI rcoeQSzqHeHToB IaHTeHcI{BHocrLr Hanp.f,xeHuilt c yqeroM crpyKrypHoro
cocrotrHLls Marepua[a' B srofi cBt3LI Ha coBpeMeHHoM grarre pa3Burufl Hosofi
TexHrrKI{ AaHHafl pa6ota, HecoMHeHHo, .f, BJrgerc.rr aKTyaJlrnoft .

Hayvnan HoBI{3Ha l{ccJreAoBanufi u pe3yJrbraroB paccMarpr.rnaeuofi
pa6oru, [pexAe Bcefo, cocror4T B ToM, .Iro n Hefi:

1) Pa:pa6oraHHa,I n pa6ore rexHoJlorr4r Kpr4oMexaHlrqecKoro ynpoqHeHl'
(3aranxa npu 460 oC c err4epxrofi B reqeHr4e 30 nazHyr * cNar He Ha g, oAnpu _

196 oc + crapeHl4e 
''pld 

45 oc B TeqeHI4e 30 vrznyr) no3Borrrer noBbrct4rb
ilpoqHocTGre ceoftcrBa BhlcoKonpoqHoro crrJrasa 895 cucreMbr AL-Zn-Or-Mg ua
| Uyo, c oAHoBpeMeHHhIM rIoBhIIueHrreM ero rperqrrHocrofirocr u na 26yo.

2) onpo6onaHrr 
^aanora6apl{rHbre o6pasqrr B ycnoBr4.sx Halpyxe'r4s

BHeApeHLIeM KJII{Ha c czHxponnofi BI{Aeo3arII{cbIo cocrof,Hr4r noBepxHocrr{
o6pasqon Ans olpeAeJleHlat xapaKTeprrcrlrK TperqprHocrofirocrz, Aarorrlkre
collocraBravrrrfi pe3yJrbrar c AaHHrIMT{ MaKpocKolvqecKrlx racnrrraHzft Ha
BHeqeHTpeHHOe pacTrx{eHrae ;

3) c aocraro'rHofi noluorofi u tcHocrbro [peAnox{eH r{ gKcrepr4MeHTaJrbHo
o6ocuosaH MeroA QorovrerpuqecKoro aHaJTr43ta crpyKrypHbrx raeo6paxeuzfi
(@ACI'I) Ant aHaiII43a rpoqeccoB paspyrxeHr{r c rreroM crpyKrypHoro cocrorHr{,
Marepu€rna: AJrf, pacqeroB roe$SzqkreHToB I4HTeHcLrBHocrl4 uaupxxeHufi,
sHeprerl4qecKl{x ycloezfi 3apo}K.{eHufl. TperruHbr B BhrcoKonpoqgoM crrJraBe B95,
OIIeHKH aHTerpaJlHroft rpoqHocrz cnraea B95 c yqeroM BKJraAa crpyKrypHhrx
cocraBJltlolqux clJIaBa, AJI' Koropblx xapaKTepHhl p€Bnl{rrHbre MexaHr.I3MbI
y[poqHeHr4s.

rrparcrnvecKafl gHaq[Mocrb u rreHHocrb floryqeHHbrx pe3yJrbraroB
3AKIIOqACTC.'I B:

I ) pa:pa6orKe rexHonoruqecKlax napaMerpoB Kpr4oMexaHr4qecxoft o6pa6orxvt
AIrfl fIoBbIIrreHI4'fl nporlHocrl4 B KaqecrBe sosNaoxuofi aJrbrepHarl4Bbr
cyqecrBytoqeft Ilpoll3BoAcrnennofi TexHoJrorr4lr roprvefi lpoKarKr.r Lr
nocJreAyroqero AByXCTyneHqaTof o cTapeHur;

2) pazpa6orKe MeT.AI4KLI Ha ocHoBe npr.MeHeHufl, Hepa3pyrlarorlero MeroAa@ACI4 Ha rraalora6apzrHhlx o6pa:qax Arrfl r4ccneAoB aHkrfi, crerreHra
rroBpexAeHHOCTr{ HaTypHbrx;

3) r4ccJreAoBa*uu Bo3Mo)KHocrrr noKaJrbHoro rroBbrrrreHa,
Tperqr4Hocrofirocrr4 Ha r43Aenr{rx c rroMorubro Kp}roMexaHr4qecrofi
npr4MeneHr4eM rroKprlrufi, Lr3 TLrraHa u Menu.
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llpnueuenne
Tperqr{Hocrofircocru H

paspa6oraHHbrx pacqerHbrx
lpoqHocTH CnJraBoB [o3BOJrrT

MeTOAT4K oIIeHKr,r

coKpaTrrTb KonI4qecTBO
I4cIrbIraHI{ft uarepuara Ha orarlax pa:pa6orKr4 crrJraBoB H orpa6orxu pexr4MoB
TepMoMexaHr4qecKofi o6pa6orrra.

CtpymTypa u coAeplxaHrre pa6oru
[uccepraqux cocrolzr ng BBereHa.s ) rrflTvr rJraB, 3aKJrroqeHl4t, clr4cKa

nl'Ireparypu' lzcceprallut I'I3JIoxeHa Ha 109 crpaHr.rqax, coAepxur 3g pr4cyHKoB,
18 ra6nuq' crr4coK Jrr4reparyprr us r39 uaaueuoeaHafr, l npuroxeHr'r.

Bo eeedenuu [pLIBeAeHa o6ulas xapaKTep ucruKa pa6orrr, o6ocHoeaHa
aKTy€LnbHocG srr6paHnofi TeMbI Al4ccepraqzu, c$opMyJrapoBaHhr rlenr4 u 3a*'".
I4ccJleAoBauttft,I43JIo)KeHbI ocHoBHhIe noJrox eHvIl) BbrHocllMhre Ha 3aIrILITy.

B nepeofi zJts^e Al4ccepraquonHofi pa6omr [poBeAeH aga;ra3 o6u1ux
MexaHI43MOB yllpotlHeHa{ Marepr4aJroB, AaHO OlrrcaHr4e cyqecrByrou{r{x
rexHolorzft ynpoqHeHut anIoMI4HIleBbIX [poMhrruileHHblx crrJIaBoB, o6ocnosa'
nu6op napaMerpa B-f,3KocrI'I pa3pylu eHarfl, B KaqecrBe ocHoBHofi xapaKrepr.crr4Kz
Anfl I{ccJIeAoBaHu'fl, oIIHcaHbl ocHoBHbIe orpanl4qeHl4f, [oAXoAa rurnefiuoff
MexaHI4KI4 pa3pyllreHl4t Anfl oI{eHKI4 [poqeccoB pa3pyrueHr{r BhrcoKorrpoqHbrx
€IJIIOMLIHI4eBbIX CnJraBOB.

Bmopaa era^a [ocB-f,IrleHa orll4caHl'ro I43yqaeMoro Marep'€ura, TexHoJrorrrr4
o6pa6orru kr I4ctlonb3yeMblx B pa6ore MeroAraK uccJreAoB a1r4fl. Kpoue
craHAaprHbIX MeroAoB oIIeHKI4 MexaHr4qecKlrx xapaKTeplrcrr4K (nrexauuuecKr4e
I{ctIhITaHn'f, Ha c)KaTze, pacTtxeHl4e Lr Tpelrll4Hoctofixocu), B KaqecrBe
opLTrlrH€lJrbHoro MeroAa AJIf orIeHKI4 KI4H aBTopoM 6rrn [peAJroxeH Mero4
s orou erp rq e c K o ro a*a'rLrs a crpyKryp nux ns o 6p axesuir, ( @AC?I).

B mpemoeil aruee ilpuBeAeHhl pe3ynbrarbr MexaHr4qecKr.rx ucrrbrraH, it uacxarl4e' pacrtxeHl4e Lr TpelqllHocrofir<ocru c f{eroM gHepruru 3apoxAeHr4.s
TpeIqI'IHbI I4 rloBepxnocfirofi sHeprI4I,I An.f, clnasa B95 

" "a"o,urroM 
cocro flHLrkr.llorasaHo, qro BBe,{eHI{e KpLIoMexann.recKofi o6pa6orrr4 rro3Bonf,er yBenr4qr4TblpotrHocrb cnraea B95 Ao 10Yo u rpelqplHocroftrocrb Ao 260A, a HaHeceHrre

rl4raHoBoro IloKpblrl4s eule sa70Yo IIo cpaBHeH]IIo c o6pa:qarrar4 rrocJre KMO.B vemeepmort uta^e npeAcraBJleHhr pe3yJrbrarhr r'ccneA oBa*ufl crpyKTypbr
crIJIaBa [ocJle ynpouuffoil1efi o6pa6orru, npr4BeAeH a1arru3 AorronHr4TeJrbHbrx
uop$onoruqecKllx [pI{3HaKoB ctlJraBa rrocJre p€Brr{qHbrx Br4AoB o6pa6orrn pr
olIpeAeneHbl MexaHI43MbI ylpoqHeHr4.f, Anfl c[JraBa [ocJre KpaoMexaHlrqecKofo
ynpoqHeHux' llorca:aHo' qro rIocJIe KMo MenKoArlclepcHa.s 3epeHHEUr crpyKrypa
crJraBa 895 upeo6pa":yerc.fl B MeJrKorqencryro crpyKrypy rBepAofo pacrBopa
€uIIoMI4HI4f,' Al4cnepcHoylpoqHeHHoro MenKoAI,IclepcHrIMr.r (vrenee I nrxu)qacrr4rlaM u MgZn2, CuAl2, FeAl3.



B nnmort zJts^e aBTopoM npeAnaraercr KoMlo3r{qlroHHbrft rroAXoA AJrn
oIIeHKu I{Hrerp€ursofi nporlHocrl4 crlnaBa B95 c rroMorrlbrc MeroAa @ACV1 @ACVI
TIO3BOJILIJIO O[peAenI4Tb [apIII4€UrbHhre 3HaqeHr4f, npoqHocrkr orAeJrbHbrx
crpyKTypHbIX cocraBJltroql4x H I{x BKJTaA s o6qee 3HaqeHr4e nporrHocr u crrJraBa
IrocJIe pa3nuqHblx BI{AoB o6pa6orrcu. Anropour cAeJrauo npeAnoJro}KeHr4e, qro
BKnaA xaxAofi crpyKTypnofi cocraBnslorlefi onpe4eJrrerc.rr cBoHM MexaHr'3MoM
yIIpoqHeHnf,.

{ocronepHocrb pe3yJrbraroB pa6orrr o6ecne.reua ucrroJrb3oBaHr4eM
coBpeMeHHhIX MeroAoB lICCneAoBa]F{Lrfl. U npoeeprofi pe3ynbraroB pacqeroB c
coorBercrBylollll{Ml4 KpllTepvflvtu AocroBepHocrr4. .{onoluureJrbHhre apryMeHTbr B
rIoJIb3y AocroBepHocrH nonfreHHhlx B pa6ore pe3yJlbraroB MoxHo uaftrz B rrx
XopolxeM cofJIacI4I4 c nLITepaTypHbIMI4 AaHHrIMI{ rlo MeXaHI{rIecKr4M csoficreaM.In.s
raccneAyeMof o crrJraBa.

3aueqaH rrfl rro coAepl*aHrrro Arrccepra \nn u anropeeepara
{uccepralll4oHHat pa6ora corosrenofi Io.E. B rIeJroM HarrkrcaHa npocrbrM 14

'[cHhIM 'fl3hIKoM' Ho He ceo6oAHa or HeKorophlx HeAocrarroe o6opMr4TeJrbcKoro
xapaKTepa' Ha HI4x yK€BaHo Al{ccepraHTy rrpn o6cyN4euvrn pe3yJrbraroB eropa6oru. llo
3aMeqaHr{.[:

co.4epx{arenrnofi qacrkr pa60ru Mo}r{Ho c.{enarb cneAyroque

1' B lzreparypHoM o6:ope HeAocraroqHoe BHr4MaHr4e yAeneHo coBpeMeHHhrM
MeroAaM OIIeHKLI Tpelr{I{Hocrofixocru' B ToM ql4cne u onrI4qecKuM, B KarrecrBe
cpaBHeHlrr K rrpeAJro)KeHHoMy MeroAy @ACI{.

2' or{eura upoqHocr' rlpoBeAeHa B ycJro Buflx c>Karr4fr, qro He rBJrrerc.f,
craHAaprHbIM MeroAoM [pI{ oIIeHKe KoMnJIeKca Mexagr{qecKr4x ceoficrn.

3' B SopMyJIax 34 u 41 pastuqHhle BeJrLrrr{Hbr o6osHa.reHbr cr4MBonoM .E. e
sopr'ryre 34 -sro oHeprufl., B sopuyne 4r- uoAyJrb yrrpyrocrr4. B pa6ore He
np r4 B eA eH br lr3 M ep e H r4-rr M oAyJr.f, y'Ipyf o cr Lr 

",ar 
epkrara.

4' He o'renl.AeH r pa6ore nu6op eJreKrpor4cKpoBoro HaApe3a B KaqecrBe
ucxo4Hoft npeABapzreJlbHo HaneceHHofi TpelqrrHhr B3aMeH HaHeceHr.r,
ycr€Lnocruoft rpeqr{Hbr B coorBerc rBuu co craHAapronr focr 25. 5 06_ g 5.5. He npoBeAeubr Qarrorpa$uuecxrae r{ccJreAoBAHr4fl. Lr He onpeAeneH
$asorlrfi cocraB r{3JroMoB o6pasqon.

llpunegenHrre 3aMeqaHI4f, He cHlrxaror o6ulefi uayunofi v [paKrr.rqecroft
TI.HHOCTTA pa60rrr 14 Mofyr crarb [peAMeroM A€rJrbHefi'rux uccre,.0sa'ufi.



co4epNaHue A,rcceprarrvu rroJrHocrbro orpaxeHo B anropeQepare aouy6luxoBaHHhlx aBTopoM crarr-cx R .r.,* urr^r6 . -.aBTOpOM CTATb'X, B TOM qLICJIC B 2-x u31aHkrflx,
peKoMeHAoBaHHbrx BAK p@, n IoKJraAax Ha I 0 l,rex4yHapoAHbrx u Bcepocczficrux
xonSepenqkrf,x.

PerconaeHAarIurl

Ar{ccepTarluu
''o H.rroJrb3'BaH[ro pe3yJrbraroB nacrosruefi

Pa:pa6orannrrfi cnoco6 yrpoqHeHr4r c rpr4MeHeHr4eM Kpr.roreHHhrx cpeA
Moxer 6rnr peKoMeHroBaH AJLf, A€lJlbsefiurefi anpo6aqrau Ha npor{3BoAcrBeHHbrx
lnoulaAKax MeraJIJIypfI{qecKI4X npe4npzrrzfi B KarrecrBe nosNaoxHofi
aJIbrepHarLIBhI cyulecrByloulldM TexHoJIorHtM o6pa6omu BhrcoKorrpoqHbrx
€TIIIOMI{HI4EBbIX CNJIABOB.

Kpovre Tofo, [peAJraraenarrfi 6ecronrarrHrrfi Mero.q or{eHKr4
Tpeql4Hocrofirocru Moxer 6rrru nppIMeHeH B KaqecrBe cnocooa arrecrarlr4r{
Mareprl€uloB u uonyQa6pI4KaroB B rIccJleAoBareJrbcKr4x H [porr3BoAcrBeHHbrx
la6oparopuflx, a TaKxte AIrfl arrecrarl[u HarypHbrx uzgelruit B 11poqecce
CTEHAOB'IX I'CII'ITANUEI 14 SKCTINYATAIJU.". CrrE4YCr OTMETI{T', TITO HAUPABNCHI4C
zccJIeAoBauttit, orKphrroe AuccepraqvrouHofi pa6orofi Coroereeoft IO.E.
qenecoo6p€BHo [poAoJInQITb npuMeHkITeJrbHo K crrJraBaM MHoroKoMloHeHTHbrx
cucTeM 14 KOMIIO3r4rILroHHhrM MaTepr4 aJIaM.

3arc.nroqenne

fiuccepraquoHHa-f, pa6ora Cononresofi Ionzn Eopzconnrr Ha reMy
<Paspa6orra KpLIoMexaHI4qecKoro yrrpoqHeHrd.f, aBaar{r{oHnoro crrJraBa B95>),
rlpeAcraBleunofi Ha coI{cKaHI4e yleHofi crelreHu KaHrr{Aara rexHr4qecKr4x HayK rro
cneIII4€LnbHocrH 05' 16'01 - MeranJIoBeAeHI4e ?I repMr{qecKa{ o6pa6orra MeraJrJroBu crIJIaBoB' rlpeAcraBJlter co6oft 3aBepIIreHHyIo HarrHo-r4ccneAoBarenbcKyro
pa6ory, B r<oropofi loryqeHbl oplrrr.rHaJrbHbre HayqHhre pe3ynbrarbr,
npeAcraBJlflrcql4e HecoMHeHHyIO TeoperprqecKyro 14 npaKT?[{ecKyro IIeHHOCTb Ans
cnelll4€rnucroB' pa6oratoqux B o6lacrn Marepv€uoBeAeHLr{. AeropeQepar
AI'ccepraI{I4kI u uy6luraquz AuccepraHTa Aaror AocraroqHo noJrHoe
rlpeAcraBJreHple o AlltccepraUl{oHHofi pa6ore Coroerenofi IO.E. 14 rroJrf{eHHhrx erc
pe3ynbTaTax' vIX HoBI43He, 3HarII{MocTLI' IIeHHocTrr I4 aKTyaJIbHocTr4. Brrsolrr z
peKoMeHAarruv AocraroYHo o6ocnosaHrr v orll4parcTclr Ha Teoperr4qecKr{e
[peAcTaBJIeHLIt H gKcleprrMeHT€LJrbHbre IaHHhre.

Pa6ora orBeqaer rpe6onaHuxv n.9 <<llonoxe'r4tr o ropr.4Ke [pr'cyxA eHn,fl
yrIeHbIX creuenefi) rocraHoBJleHla-f, [paBl4reJrbcrBa Poccnficxvfi @egep a.*uJ\bg42
or 24 ceHrx6px 2013 roAa' a ee aBrop coro*esa lorr,rr EopracoBHa, 3acJryx'rBaer



npl4cyxAeHl{'s } reHofi creneH[ KaHAnAara rexnrlqecKr4x HayK rlo cleqzaJrbHocr]r
05'16'01 - <<MerannoBeAeHl4e LI TepMI,IqecKar o6pa6orr<a MeraJrnoB Lr c[JraBoB).

orsrre Ha ALrcceprarlr4ro o6cyN4eH ra o4o6peH Ha 3aceAaHr4r.r ceKrlr4r4 HTC
KoMnJIeKca <<Merarull4rlecKI4e Marepl4aJrm> AO <<KoMnos ur>> 29 cenrx6px 2020r.

flpororcon JS 9.

frasurrfi Merarrnypr, A.T.H.

flpe4ce4arenb ceKrlura HTC, K.r.H.

B.H. Eyrpvna

'M.c.fycaxon

Cerperapb ceKrlr4rd HTC, K.r.H. # C.H. EorlaHoB


