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oo r4rluAJlbHbrrr orsrrs
Ha Aaccepraqr4oHHyro pa6ory ,{xy6ona Vnaapanra

<(Du:uxo-xr,rMr4rrecKr4e cnoficrea aJrroMr4HHeBofo cfrJraBa

crpoHur4eM H 6apaelr>, [peAcraBJreuHofi Ha cor4cKaHr4e

i.-o

yveuofi crereHl4 loKropa Sunoco$ua (PhD) - AoKrop ro crerlr4€rrrbHocrrz 6D071000

- MarepzanoBeAeHl4e [i rexHoJrorar HoBbrx Marepr4aJroB.

AmryaluHocrb reMbt Ancceprarl[rl
B coBpeMeHHbIX Marepl4aJlax AonxHbr coqerarbcf, BbrcoKr4e cnoficrna u

Kar{ecrBa Ans o6ecnerreHzfl Heo6xo4nMoro pecypaa [r HaAexHocru pa6orrr usAerrafi
aBLIaIIHoHHo-KocMHqecxofi TeXHI4KI4,' *u-"tocTpoeHLIfl, arovruoft 3Hepferr4Kr4,
paAI4orexHI4KI4' 3neKTpoHwKrr H T'A. B 0Bt3I4 e 3TI4M oco6oe 3Har{eHr4e npvo6peraer
tIpoI'I3BoAcrBo I{ I4crIoJIb3oBaHIze aJI[oMI4HI4t 14 ero cnJraBoB, o6naAarouux 

""tcoxoftKoppo3llosuof croftxocrbro, Mexauuqecxofi flpor{Hocrbro r,r Apyrr4x cneqHQravecKr4x
cnoficre.

Oco6rrfi

BbICOKOIIpor{HbIe

I4HTEPCC ArIfl COBPCMCHHOfO MAIIAHOCTPOEHI4, NPCACTABJI,TOT

INTCfrHTTE AJITOMHHACBbIC CIJIABbI OO CEOftCTNANAIA PIAEHTHIIHbIX



aeQopurapyeMblx c[.]raBoB. Ocsorurrnr SaxropoM, onpeAerrrrcrur4M MexaHr4qecKr4e r4

TexHoJlorl4rrecKrle csoficrea ,rurefiurtx c[JIaBoB, tBJltercr cocraB, B ToM rlrlcJre I{

ooAepxaHl4e BpeAHbIX npr4Mecefi u ra3oB, 3aBr4cf,rrlr4e or rexHonoftrvr vrIaBKn, a

TaKXe aocraBa rrcxoAHblx Marepr4aJron u $lrocon.

Orcro4a, pa^:pa6orxa npeul{3uoHHbrx cnJraBoB Ha ocHoBe raKoro MeranJra

uyrev ero nerupoBaHplt rperbaM sreMeHToM flBrfl,erer axryallHofi sala\eia.

lloAo6urtfi noAxoA [o3Bor-ser [peBparr4Tb HeKoHAr4rIr4oHHbrfi aruovurwta s riyxHuft

v nole:nrtfi [poAyKT Ant rexHl4Krl. I4uol4a, Infl 6loxuponxu orplrUarenbHoro

BnLrflHr4fl xeJle3a, aJlroMr4Hr{ft renapyror MapfaHueM B KoJrr4r{eorBax 0,5-1,0%. B $a:e

FeAl3 4o 1/10.{acrb aroMoB xere3a Moxer 3aMerrlarbcr aroMaMr4 Maprauqa. B

pe3ynbrare o6pa:yercr HoBar Sa:a Al3FeMn. Kpacrauu yxa^:aHuofi Sa:rr

orrl4r{arorcs 6olee KoMrloHeHruofi Qoprraoft B orrar{r4e or uroJm.raroft crpyKTypbr

Qa:rr FeA13,

Axs r.r3MeHeHr{q Soprratr KpucrannoB r,rHTepMeraJrrprAa B ?BTeKTprKe (g-

Al+FeAl3), B KarrecrBe vro4a$raqnpyrcuero 3JreMeHra aBropoM nrr6pau

Mera-IIJTI{qecKI4e xamquft, crpouqrafi vr 1apuit, KaK rroBepxHocrHo aKTr,rBHbre

KoMloHeHTbI rpofiuoro QnrIaBa. llolo6srrft [oAXoA rro3BonnJrr4 Ar,rccepraHTy

pa:pa6orarb HoBbIe KoMIIo3I4III4u c[JraBoB Ha ocHoBe aJrroMr4Hraq. Brr6op r.rcxoAHoro

cr,'IaBa Al+5xaa..o/oFe+l0nrac.%Si (AX5Kl0) aeropou o6sxcHrercr reM, qro gocraB

AaHHoro cIIJIaBa cocrol4T z: gnofturx u rpofiHbrx oBTeKTr4K, Koropbre npr4MbrKaror K

aJIroMI,IHI,IeBoMy yrny cl4creMbr Al-Fe-Si H rrrraBrrc fl trpw reMneparype 670-727 0C.

OCHOBHOE COXEP}KAHI4E PAFOTbI

Bo BBeAeHIru H3JIo)KeHbr ripeArocbr,rrxr4 v ocHoBHbre upo6:revrr

r4ccJreAoBaHHr, o6ocuonana aKTytu'rl,Hocrb pa6orsr, pacKpblTa crpyKTypa

Ar4CCepTaUr4r.r.

B nepnofi rJraBe rpeAcraBneHbr cBeAeHrdr o crpyKrypoo6pa:oeauue

a,rIrcMI4HI4eBbIX CIIIaBOB C Xene3OM. KpeMHI4eM, Ktu'It,III4eM, CTpOHUI4errA n 6apneU;

teuo$usl4qecKlrx ceoficrnax a,'IroMI,IHI4{, xeJle3a, KpeMHI4t, KarIbIII4r, crpoHuvtfl vl

6apna; oco6esuocrl4 oKI4cJIeHIar r4 Koppo3r4oHHo-3,,reKTpoxlrMr4rrecKoM noBeAeHr4r4

cnJIaBoB aJIIOMI4HI4fl C )KeJIe3OM, KpeMHI4eM I,I yKa3aHHbIMII MeTaJIJIaMI4 B pa3II4r{HbX

cPeAax. Ha ocHoee BbIIIorIHeHHoro o6:opa rroKa3aHo, riro rerrJroeMKocrb ilrrroMr,rHl4r.



xerre3a, KpeMHr.rr, KaJrbrrr4r, crpoHlrr{r u 6apwn xopotuo I43fIeHbI. Irlverorcg

cBeAeHlrr o BrrkrflHvrv reMneparypbr 14 r{}rcrorbl Mera.[JIoB Ha HI4x. OAnarco B

nr.rreparype orcyrcreyer r,ru$opMaur.rr o $u:rzuecKl4x ceoftcrnax 14 Koppo3l4oHHo-

3neKTpoxr4MarreaKoM rroBeAeHprra u oco6eHHocr.rx oKI,IcJIeHI,It €uIroMlIHI4eBofo arIJIaBa

AX5K10 c Kafibtll4f,, crpoHtII'Ix vr 6apwn.

Taxuv o6pa:ona, B cBr3r4 c orcyrc'rBr4eM cr4creMarl,Ir{eeKux AaHHrIX o $rasaxo-

xr4Mr,rqecKux cnoficrBax aJrrcMr4HpreBoro cnJraBa AX5K10 c xalrql4eM, crpoHIII4eM I4

6apuena [ocJ]eAHr4e 6turu B3.flTbr aBTopoM B KarlecrBe o6rerra I4ccJIeAoBaHHfl B

Ar4coeprarruosuofi pa6ore.

Bo eropofi rraee [prrBeAeHbr pe3ynbrarbr r4ocneAoBanrfl. TenJIoeMKocrI4 H

r.rsneuesufi TepMoAr4HaMr{qeeKux Syurcurafi aJr}oMlIHI4eBoro crlJtaBa AX5K10 c

UI9JTOT{HO3eMeJIbHbIMI'I MeTaJI"ryaMI4.

Tperun rJraBa rrocBfluleHa 3Kcnepr4MeHTaJIbHoMy I{ccneAoBaHI4Io KHHeTI4KI,I

oKr4crreHufl anrcMZHI,IeBoro crrrlaBa AX5K10 c xa,uqlaeM, crpoHlrl4eM u 6apueu, n

TBepAOM COCTO{HI4I,I.

B uereeproft rJraBe npuBeAeHbr pe3ynbrarbr noreHul4ocrarur{ecKoro

lracJreAoBaHr4q a^[]oMlrHr4eBoro crrJraBa AX5K10 c xarlql4eM, crpoHul4eM r'r 6apueu, n

cpeAe 3neKrponrra NaCl.

[uccepraur4oHHar pa6ora 3aBeprxaercr o6utravu BbIBoAaM14, clI{cKoM

rrr4Tr,rp o B auH o fi Jr zrep arypbl 14 tlp I4n oll( e H I4 e M .

Hau6onee BaxHbrMLl pe3yrbralaM14 Ar4ccepralll4oHuofi pa6orrr -flxy6ona V.LL[.,

o6ecrequBarourne Ho BLI3 Hy l{ccJr eAo Ba u n fi rBJr.f, rorct :

. VcraHoBJreHbr 3aKoHoMepHocrr4 r{3MeHeHr4r rerlJloeMKocrr{ vr

repMoAr.rHaMr,rqecKr4x $yHxuufi (oHlarrnuu, 3HTpottr{u n 3HepfI4I,I fu66ca)

aJtoMr.rHr4eBoro c[JraBa AX5K10, ladara$nur4poBaHHoro Ktu'IbIrI,IeM, crpoHrll4eM I4

6apuev B 3aBr,rcr4Mocrr4 or reMneparypbr v Korr4r{ecrBa vro4n$nqr4pyroqero

KoMrroHeHra. floxa:aHo, qro a pocroM TeMneparypbr re[noeMKocrb, 3HTaJrbrrrrfl rI

3HTpollrr crrJraBa AX5K10 c qenoqHo3eMerbHbrMr4 MeraJrJraMLr yBeJrr4qr4Barorcf,, a

3HaqeHr4e 3Heprr4q fw66ca yMeHbuaercr. C yoenraueHr{eM AoJrLr vrolra$uurzpy}ou1ero

KoM[oHeHTa B enJraee AX5K10 eurartlilvrfl vr 3HTpotrr4r yMeHbrxarorer, a 3HarreHl4t

3HeprI4I4 f u66ca yBerr4rrr4Baercfl .



' lloKa3aHo, t{To c pocroM TeMneparypbr cKopocrb oKI4crIeHKt ctrJlaBa

A)K5K10, naolr,r$r.rqfipoBaHHoro Kanbur4eM, crpoHur4eM L4 6apueu, B TBepAoM

cocrorHr4lr yBerur{r4Baercr. Koucraura cKopocrr4 oKr4cJreHnr l4Meer [oprAoK 10-4

xru-''c-'. VcrauoBJIeHo, r{To oKI4c,'IeHI4e cnnaBa AX5K10, rvrolusraqzpoBaHHoro

r(anbrlr.reM, crpoHrllrew u 6apueM oflr4cbrBaercr ruuep6oru4r{ecKl4M ypaBHeHLreM.

. floreuur4ocrarr4rrecKr4M MeroAoM B noreHrlr4o[HHaMrr{ecKoM pexuMe [pr4

cKopocru pa3BeprKr4 [oreHrrua!'r a 2 ruB/c ycraHoBJ'reHo, rrro Ao6aexa

vo4uQraqr4pyroqr4x KoMrroHeHToB Ao 1,0 wac.oh yBenr4rruBaror Koppo3r4oHHyro

crofixocrr ucxoAHoro a,rrroMr{Ht4eBoro crr,raBa AX5K10 Ha 50-80%. llpn 3ToM

orMer{aercfl cABrrr 3neKTpoxr4Mur{ecKux rroreHrll4a"[oB B rloJroxurenbHylo o6lacrt

:ua.{euafi. llpu nepexoAe or crrraBoB c KaltbrllreM r( cnJraBaM co crpoHuueM

sa6,rroAaercfl pocr cKopocrz Koppo3r4r,r, Aa,Tee K a[JIaBaM c 6apraev ero yMeHbrrIeHI4e

(Alx cnnaBoB c I,0 *rac.o/o 4o6arxu).

flpamrnvecKaq 3HaqlrMocrb pa6orur 3aKJrroqaercfl B pa:pa6orxe cocraBa

HoBbIX crIJIaBoB v Merarrnypfr4r{ecKoro cnoco6a ynyqrxeHHr Koppo3l4onHoft

croffxocru aJIroMI{HI4eBoro clnaBa A)K5K10, nro4u$r,rqr4poBaHr4eM Ka^rrbrlr{eM,

crpoHlll4eu, 6apnev, 14 3aufr4Te r,rx MaJrbrMr4 rareHTaMH Pecny6nraru Ta4NuKr4craH,

O6ocHoeaHHocrb u AocroBepHocrb rroJryqeHHbrx pe3yJrbraroB:

flolyueuurte AlrccepraHroM B pa6ore AaHHbre ocHoBaubr Ha pe3ynbrarax

BbInoJIHeHHbIX I4ccJIeAosaHI4fi $z:ur<o-xrrMr4r{ecKr4x crrJraBon. Buno4br rro pa6ore

Hayr{Ho o6ocHoraHbl I,I coorBercrByror coAepxaHr4}o Ar4ccepraur4oHHoft pa6oru.

Marepuanbr Ar4cceprar\vrkr rrpotunr4 AocraroqHo ur4poKyro aupo6aqnro. llo
TeMe ony6nulcoBaHbl 19 ne.{arurx pa6or, r43 Hr4x 6 crarreft B xypHaJrax, BXoA{rrIr4x B

lepeqeHb BeAyIrI[x perleH3r4pyeMbrx xypHaJroB peKoMeHAoBaHHbrx BAK rtplr

flpe:r.r4eure Pecny6tuxu Ta4xuxuctaH, no,ryrleHo 2 vzurrix [areHTa Pecny6luxn

Ta4NuxucraH, 13 crarrefi ony6ruxoBaHbr B Marepr4aJrax MelxAyHapoAHbrx vr

pecny6nraKaHeKux roHSepeuqufi .

OprarurianbHocrb coAepx(aHr,re Ar4cceprarlr4r4 cocraBJrrer 77,88o/o or o6ulero

o6teva reKcra; Irl4rl4poBanne o$opMJreHo KoppeKTHo; 3arlMcrBoBaHHoro Marepr4aJra,

HcnoJIb3oBaHHoro B Aplcceprarrnr4 6e: ccbrJrKr4 Ha aBTopa, lvr6o r4cror{Hr4KoB



3al4McrBoBa[krfl He o6uapyNeno. Hayuulrx pa6or, BbrrroJrHeHHbrx AoKTopaHToM

yueuoft crerreHrz B coaBTopQTBe, 6e: cctrloK Ha ooaBTopoB, He Bbr.sBreHo.

lraccepraulzoHHat pa6ora ,flxy6ona y.lU. Bbr[onHeHa Ha BbrcoKr4M

Teoperl4riecKI4M v 3Kcnepr4MeHTaJrbHoM ypoBHe. tr4cc,regonaH:afl npoBeAeHbr c

npI4MeHeHI4eM ooBpeMeHHbrx MeroAoB Sa:raxo-xnMr4rrecKoro aH€Lrrrr3a v npr46opon.

Brt4nnuyrrte B uefi [oro)KeHr4fl HayqHo o6ocHosaHrr u AoKiBaHbr. Blrno4u

c$opl,tnpoBaHbl norl4r{Ho ra o6o6qaror pe3ynbrarbr npoBeAeHHbrx r{ccJreAonauufi.

BeAyua" opraHLI3aqLIfl per(oMeHAyer Hcrrorb3oBarb pe3ynbrarbr

Ar.rccepraqHounofi pa6orur [peAnpr4{T}uM MarrrrrHocrpoeH}rr r4 Bbrcrur4u yue6urnr

3aBeAeHI4{u MHuzcrepcrBa npoMbllxneHHocru r,r HoBbrx rexHoJrorrafi Pecrry6luru

Ta4xar<ucraH, a raK)Ke erpaH CHf .

Hecuorpr Ha or{eBlrAHble Aocrr4xeHun, palora He JrlnrrreHa HeAocrarKoB, K

L{I4CIIy, KOTOpbIX MO)KHO OTHeCTI4 :

1. TeunoQvI:I4rlecKae I{ccrreAoBatzr.fl. aBTopoM npoBeAeHbr r,rcxoAr Lr3

v3MepeHut reuoduxocru crLrIaBoB B pe)Kr4Me (oxnaxAeHrr.f,)) B oArrHaKoBbx

ycnoBl4.qlx 3Kc[epHMeHTa. VcrauosreHgble 3Har{eHr,rr re[noeMKocrr4 c[JraBoB He

corr o craBJreHbl c p e3yJrbraraMa, n oryr{ e HHbr M r,r Apyrr4Mr4 M eroAaMr4.

2. B 4ttccepralJvrv He npl4BoAr4Tcr x[Mrzqecxafi cocraB cr.rHTe3r4poBaHHbrx

CIIJ'IaBOB' I{CXOAfl V3 3TO|O, BJMflHl1re ApyrUX SJI9MOHTOB, KOTOpbIe COOTaBJITIOT

ocHoBy enJraBa AX5K10 ocraercr orKpbrrbrM.

3. OxHcleHue c[naBoB [poBeAeHo B TBepAoM cocrorHr4u. Cre4onaro

IIPOBECTI,I ACCJICAOBAHKIfl OTACNbHbIX CN,TABOB B XAAKOM COCTOflH]/.VI I4 COTIOCTABI4Tb

noryr{eHHbr e B p a3Hbrx ycrr o Br.rrx pe3ynbTaTbr.

4.I4ccteloBaHl4f, Koppo3I4oHHbIX cnofic're c[JraBoB Ar4ccepraHToM npoBeAeHbr

B cpeAe 3neKrponl4ra NaCl npra cxopo'crra pasneprKr4 rroreHrJkralra2 yrBlc. flpu erou,

He [poBeAeHbI HCCneAOBaHldfl npr,r Apyfr4x oKopocrf,x pa3Beprxn rroreHrlr4€LJra pr B

Apyfr4x cpeAax.

5. B rexcre Al4cceprar\uLr Bcrper{arorcr crl{lr4crr4r{ecKr4e r4 rpaMMarr4qecKr4e

oruu6r<z (crp. 21, 27, 30, 33, 54, 83 r4 Ap.).

6. B cnucKe nureparypbl no Aucceprarlr4u orAeJrbHbre ccbrJrxu o$opmJreHbr He

B coorBercrBr4r4 c rpe6onaHarMr4 (uanparurep Ns14, Ns22, J\b32 14 Ap.).



Orueruu, rITo yKuBaHHbIe 3aMeqaHr4fl Hr,IcKoJIbKo He cHl4xalor AocrorrHerBa

BbIIIOJIHeHHO|O HayTIHOFO r4 rrorre3Hofo B npaKTr4qecKoM orHo[IeHur4 r4ccJreAoBaEnfl.

[uccepra\vfl v aorope$epar o$opMJreHbr B coorBercrBr4r4 c rpe6oeaHr4ro, Marepr.rafl

anropeSepara v ony6nzxoBaHHble pa6orrr BroJrHe coorBercrByror coAepxaHr4ro

AI4CCepTaur4r4.

Ha ocHoBaH[I4 BbIIrIeI43JIoxeHHoro Marepl4aJla MoxHo 3aKJIror{I4Tb, rITo

AaccepraulloHHat pa6ora ,f,xy6ona y.L[I. rpeAcraBnrer co6ofi 3aBeprxeHHyro

Hayr{Ho-r.rccJreAoBarenbcKyro pa6ory, Koropar KaK rro o6reuy, TaK u IIo

coAepxaHl4lo, a TaKXe IIO 3Haqr,rMOCTr4 [Onyr{eHHbrx HayrIHbIX pe3ynbTaToB vI

npaKTl4qecxofi IIeHHocrI,I, rroJrHocrbro orBerlaer rpe6onauu.av Bttcuefi

arrecrallnounofi KoMI4ceI4I4 npr.r llpe:u4eHre Pecny6lurra Ta4Nuxucrau,

rrpeAbrBnfleMbrM K Ar4cceprarlr,rflM 3au{uulaeMbrM AoKTopaHTaMr4 PhD. Cuuraeu, uro

aBTop AI{cOepraIIuII 3aanyxl4Baer [pl4cyxAeHl4t eMy ncxor,roft yueHoft cTerreHr4

AoKropa $uloco$uu (PhD) AoKrop ilo aneunarrbHocrr4 6D071000

Marepua,roBeAeHr4e r4 TexHoJrorr4fl HoB brx Marepr4uuroB.

{uccepralllloHHat pa6ora ,f,xy6ona Vnaparu lllepanneBrqa Ha reMy

<@usuxo-xl4Ml{rlecKlre csoftcrna aJrroMlrHr4eBoro crrJraBa AX5K10 c K€urbur.reM,

erpoHlll4eu u 6apuev> 6tt-a 3acnylxaHa Ha 3aceAaHuu xaSe4pu <fn4porexHr4qecKoe

crpol,ITetl[,crBo Lr o6ulerexuuqecKHX Ar4cqr4nJluH) tr4HcTlrryr 3Heprerr4KH

TaAxraxacraHa rrporoKoJroM JYs2 or 2l ,09.2020 roAa.

flpelcelareJlb, Har{a[bHr4K

<Yqe6uoro ynpaBJre Hv.fl>>

K.T.H., cr. rrpenoAaBareJrb ra$e4ptr,

(fnlporexHl4rrecKoe arpor4TeJrberBo 
1

a o6ruerexHl4rrecKI4x ar,raul4trJrr,rH))

I4ucruryr3HepfeTI,IKuTa4NuxI{cTaHaffiFo6oxoHoso'[I'

E-mail: firdavsi-88@mail.ru 
'/

Ten. : (+992) 985-49-72-7 4



V.{eHHft ceKperapb xa$etptr

<f ngporexHr4rrecKoe crporireJrbcrBo

u o6ulerexHr{rrecKr4x Ar4crlurrJrr4n)

I4rtcltry t 3 H ep rerr,rKu TaAN u x vrc,T ana

Ten. : (+992) 9 I 8-55-53-80

Sxcnepr, Har{iurbHr4K orAen

<Acnupaurypa r4 Marr4crparypa)

K.T.H., CT. rlpe[OAaBaTenb

Vlucrury t 3Hep rerrrKn TaAx vt x krer ana

E-mail : ab dunazarov2O 1 7 @mail.ru

Ter.: (+992) 91952249

flolH o e H a3 B aH r4 e : Vlucruryr s H e p reru x u T aAx vrKuar alna

A.{pec: 735l62Foxrapcxufi p-H, yn. H. Xycpava, 73

OSuuualrrrnrfi cairc : http : I I det.tj

E-mail : Nazarov-h20 1 3 @mail.ru

Ter. : (+992) 777 -07 -65 -00
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Oen M.M.

A6ayHa:apon C.C.

,1U., Oena M.M. u A6ayHa":apona C.C.

PasuaHosa M.A.
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