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re4yrqefi opraHrr3aqrrrr Ha AncceprarluoHHyro pa6ory

Kapranulx Anqpeq BarenrnHoB[rra

<<lIHxeH eprfl M rr Kpocrpyrcrypbr rr csofi crn KoHcrpyKrlrr oH H brx

rHTepMerarrJruAoB Ha ocHone TiAl(Nb), TiAl(Nb, Cr, Zr) npu HarrpaBJrenHofi

rcp[craJrJrrr3a rlu H, Mu KpoJreru poBaH u u 6opovr lr JraHTaHoM>,

trpeAcraBJreHHyro Ha corrcKaHne y.renofi creneHrr AoKTopa rexHrrqecKrrx Hayr(

ro creqraJrbHocru 05.1 6.09 - MareprraJroBeAeHue (rvrera.n.nyprur)

Heo6xoauMocrb VBCJII4qCHI,I' MOUIHOCT14 rrp o rr 3 B oAr,rTeJr b H o cTr4

coBpeMeHHbrx gHeprerlrqecKux ycraHoBoK ryp6uHHoro rr,rna HerrocpeAcrBeHHo

cBr3aHa c pa:pa6orxofi KoHcrpyKIII,IoHHbIX

KoMrrJreKcoM cnoficrn, QyHrqrEoHr{pyrcqrax

gKcrrJryararlLrur (o4HonpeMeHHoe sosAeficrBlre BbrcoKux reMneparyp, ganneuuit u

MexaHr4qecKlrx Harpy3oK). B uacrorqee BpeMr Hau6oree rxl4poKo I{crloJlb3ylorctr

cJroxHoJrerupoBaHHbre HHKeJreBbre xaponporrHbre crrJraBbr (HXC). Bnaro4apr

coBeprxeHcrBoBaHuK) cnoco6os Kpr,rcraJrnvnaur4vr, AorronHr4TenrHoft

reprvroo6pa6orru 14 npeqlr3r,roHHoro uog6opa Jrerr4pyroqlax sJIeMeHToB pa6ovar

reMrreparypa coBpeMeHHbrx HXC Aocrr,rrJra I150"C. OAHar<o AanrHefturuft

rroreHrrr4€rJr ylyrrrrre Huq ceofi crs HXC npaKTuqec KI4 ucq eprlaH.

[lt co3AaHrrs 3HeprerprrrecKnx ycraHoBoK cneAyroulero noKoJIeHHt

neo6xoArEMo perxeHue 2-x ocHoBHbrx 3aAarr:

l) flosHrueHlre reMneparyphr B KaMepe cropaHur u <<ropruefi>> 3oHe

MaTepr,r€rnoB c rIoBbIIueHHbIM

B 3KCTpeM€IJrbHbrX yCJTOBH'X

rasoryp6raHHoro arperara r,r, KaK cneAcrBr{e, co3AaHlre BbrcoKoreMneparypHblx



Marepn€rrroB, croco6Hbrx pa6orarb npu 1300-1400 "C. Hau6oree

[epcrIeKTI4BHbIMlI Marepr4aJraMr4 Anfl. perxeHn.fi 3Tor,r 3a4aqn cqr4Tarorcr crIJIaBbr Ha

ocHoBe ryrorInaBKHX MeraJlnon (Nb u Mo) c KoMrro3r{rlr4oHHbrM ynpor{HeHrreM

coeAuHeH:aflMr4 Nb, Mo, W, Ti, Zr, Cr r,r Ap.

2) Cunxenne Macchl ABHrareJIr vr, KaK cJreAcrBr4e, co3AaHr4e

BblcoKoreMrleparypHblx Marepn€rJroB c noHlrx(enHofi nJrorHocrrro. r{nr peueHr,rt

AaHHofi 3a4atrv Hau6oree nepcrreKTr,rBHbrMr4 Marepr4arraMr4 flBJrrrorct

xapo[pot{Hble TI4TaH-€uIoMr4Hr,reBbre uHTepMeTaJrJrr4AbI c pefnaMeHrupyervrofi

Ml{Kpocrpyxrypofi. flpIEvreneHue r€rxnx crrJraBoB Ha ocHoBe TiAl, rrMeroqtrx

nJlorHocrs 4-4.5 r/cna3 rIo3BoJII4T n 6y4yrqeM Ao 35Yo nosbrcraTb s$$errnnHocrb

sHepronpou3BoAtlqux rypduH n Ao 20 % yBenr4qr4rb orHorueHr,re <<nogr€uHar

cnra./sec) aBl4aABl,Irarerefi rro cpaBHeHr4ro c coBpeMeHHbrMr,r aHulnoraMlr,

co3AaHHbIMI4 Ha ocHoBe Hr,rKeJreBbrx cneqc[JraBoB (superalloys) c nJrorHocrrro 8-

8.5 r/crr,r3. <Tsxenble)) HrrKeJreBhre cnJraBbr cocraBJrrror oKono 40o/o or o6ruefi

Maccbl coBpeMeHHofo aBuaABl,IfaTerrfl,, 14 noTeHrlr4an ee cHr4)KeHr4.rI flBrrfleTcfl

cyuecrBeHHbrM.

Arcrya.nsHocru pa6oru Ar4cceprarllu4 A.B. Kapranux orpeAenrerct

rlenb BKJIIOq€LIa

r4HTepMeTaJrnuAHbrx

neo6xoAuMocrblo paspa6orru HayqHbrx rroAXoAoB vt rexHonorrlrrecKprx

rIpI4HIII4rIoB uonyqeHut HoBbrx xapo[porrHbrx crrJraBoB Ha ocHoBe TiAl,

rIpeAH€BHaqeHHbIX 4nr pa6orhl Ao reMrreparyp 800 oC. llocraBJreHH€ur n pa6ore

paspa6orxy na6oparopHbrx rexnolorufi [onyr{eHut

xaporporrHbrx curraBoB (IDKC) crrcreM TiAl(Nb) v

TiAl(Nb,Cr,Zr) rr sKcrIepLIMeHr€LIIbHoe orpo6osaHne SyH4arraeHr€urbHbrx HayqHbrx

14 TexHoJIorHrIecK[x ocHoB yrrpaBneHr4r crpyrrypofi, Sasonrrrr,r cocraBoM kr

Qusuro-rvrexaHuqecKl,IMl4 ceoficrsardr4 HHTepMerarrJrr{rrecKr{x T-crrnaBoB c

nplIMeHeHlIeM QynrqraoHurJrbHoro nernpoBaHru vr MeroAoB HanpaBneHHofi

KpHCT€rJrJrl/3a\krr4.

llo4rnepxAeHlreM aKTy€urbHocrr4 vr nocrpe6oBaHHocrr,r nu6pauuux

o6rexros I4ccJIeAoBaHVfl frBrflercfl BbrrroJrHeHr4e AauHofi pa6oru B paMKax

HHrerpaql4oHHoro MexAHcrlurrJrr,rHapHoro rpoeKTa Enpocorosa (Intermetallics



Processing in Relation to Earth

EC NMP3-CT-2004-s0063s.

and Space Solidification> (IMPRESS) - ronrparr

a TaKxe B paMKax HecKoJIbKr{x npoeKToB

@e4epalrnofi I{elerofi flporparrarrau <<I,IccleAoBanr4fl 14 paspa6orxu ro

rIpI4OpHTerHbIM HarlpaBneHr4flM pa3Burvrfl. HayqHo-TexHoJrofllqecKofo KoMrrneKca

Pocczu Ha 2007-2012 roAbl> l-(I,Iccne4oBaHue ycnoeufi HaHop€BMepHofi

crpyKrypno-Qa:onofi cefperallI4l4 B cJrr,rrKax )KaponpoqHoro r.rHrepMerarrnru1a

TiAlNb rpu Kpl4cr€ulnvrcalJtrr4 B rnrJrflx vr3 6ecrzcropo4Hofi crerlKepaMuKrr,

focroHrparr }lb 02.513.1 1.3316),2-(Pazpa6orxa rroAXoAoB rz cnoco6oB co3AaHHs

MaTepI4€UIOB Ha OCHOBe nerlrpoBaHHbrx faMMa-aJrroMr4Hr4AoB TI4TaHa C

yroprAoqeHHofi HaHocrpyrrypofi Anfl npr,rMeHeHr4f, B xaporporrHbrx

KoMrIoHeHrax ra:oryp6lrHHbrx 4nurarenefi, Comauenue Ns 14.575.2I.0042).

Kpoue roro, pa6oru BbIrIoJIHtJIacb B paMKax HI4P focy4apcrBeHHoro saAaHuq }lb

11.951.2014K MraHo6pnayKu PoccurE r{ rpoeKron P@OI4: J\b 10-03-00338, .l{b l3-

03-00500. J\b I 6-03-007 57 .

AqetosepHocrb n HAYqHYIO HOBH3HY

coqeTaHur Jrefr{pyroIIInx

AraccepraqraoHHofi pa6omr

oupeAeJItIoT nonyqeHHble JrprrrHo corrcKaTeJreM pe3ynbTaTbr r4ccJreAoBaHvrfl.,

o6o6rqatoql{e AaHHbIe o 3aKoHoMepHocrrx crpyKrypoo6pasonaHns B crlcreMax

TiAl(Nb), TiAlOIb,Cr,Zr) B 3aBr,rcr4Mocrn or

KOMIIOHeHTOB LI CTeIIeHPI JIefI4pOBaHLIg, a TaKII(e pa:pa6oraHHhre HoBbre

TexHoJIorI4qecKI4e peureHl4t B o6racrn Marepr4€lJloBeAeHr4r KoHcrpyKrlr4oHHbrx

HHTepMer€rrrJrr{qecKr,rx crrJraBoB Ha ocHoBe y-TiAl.

Moxuo BbrAenr,rrb cneAyro Iq ue laau6 o.lt e e 3H ar{trMbre pe3yJr brarbr :

o HafiAeHu HoBbre [p?reMbr ynpaBneHut crpyKrypoo6pasonaH r4eM

I4HTepMer€IJIJII4qecKI4x cnJIaBoB Ha ocHoBe y-TiAl c ucrroJrb3oBaHueM MeroAoB

rzrelrHofi BepruK€ulurofi HanpaBneHsofi Kpr4crarrnvr3ar\vtr4 B MHoro3oHHbrx

tpy6varrtx reqax v BblcoKorpaAueurHofi (300 oClcrra) 6ecrnrenrHofi

LIHAyKIII4osHofi soHHoft TIJIaBKI4 (B3II). Onpe4eneHbr pexr{Mbr ycrofiqusoro

Qopl,rupoBaHnfl. cror6.rarofi kr paBHoocHo-sepHracrofi Mr4KpocrpyKTyp Anfl

crIJIaBa Ti-46A1-8Nb, Qoprvrl4pyeMblx B ycnoBr,rrx BepruxalrHofi HarrpaBJreHHofi

KpLIcr€uIJIV3awv (BFilQ n rpy6uaroM rr{rrre c ynpaBnreMbrM reMrreparypHbrM
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rpaAI4eHToM B Alaarla3oHe 5-50 oClcla. Bnepnue o6HapyxeH r4 rrpoMoAenr{poBaH

sS{em ocenofi crpyKTypHo-KoMrro3urlrroHHofi nepureKTr4qecKofi cerperarlnr4 B

cJII,ITKax Ti-46A1-8Nb, ycraHoBneH MexaHH3M Bo3Hr4KHoBeHr,rr rarofi

cerperallnu u cQopMynl4poBaHbr Mero4u ee [peAorBparrleHnr AJrr rroJryqeHr4t

crpyKrypHo-oAHopoAHbrx nz4ennir npu BFIK.

Bnepnue rpI,IMeHeH rerca6opn4 JraHraHa (LaB6) B KaqecrBe Jrr{rarypbr

xaponpoqHbrx crrJraBoB Ha ocHoBe TiAl. BHqnneHa KoMrrneKcHuur

eoQerrranHocrb nr4farypbr LaBe KaK oTHocr4renbHo Aeurenoro rr,ro4n$uraTopa,

o6ecne.ruBaurlero Qoprr,rrapoBaHlre 6olee 4ucnepcnofi MraKpocrpyKTypbr u

c$oprraupoBaHa oplreHrrzpoBaHHar rp€xQa:nar

(y+a2+82) crpyrcrypa crnaB a Ti-44 Al-5Nb-3 C r- | .52r, o6laAaroular Bbrcoxofi

rrpoqHocrbro Ao 900-950 oC, v [pr4eMneMofi nracrurrHocrbrc upr4 HopM€rrrbHbrx

TeMneparypax. Oc HoBHbre Aocrr{rHyrbre rroK€I3 ar e rrvr BKnroqaror :

- npeAen reKyqecrn (npn 20"C) o0.2:550 MlIa; rpeAen rporrHocru omax: 1780

MfIa; crerreHb MaKcuM€lrrrnofi 4eSoprr,raqura Ha c)Karr,re rmax: 22.8 yo,

MaKcnMaJIbHoe orHoclrreJrbHoe yAJrrrHeHr,re 620:1 .45 o , [JrorHocrs 4.ll r/cnr3;

- rlpeAen reKyqecrra (npu 950 oC) oo.r : 470 MlIa; r,n* ) 50 %; MoAyrrb

ynpyrocrr{ (IOHra) M,o : 95 ffla npu nyneaofi cKopocrrr nor3yrrecrv noA

Harpy3Koir 200 MfIa.

o I4ccreAoBaHbr MexaHr,r3Mbr SopurapoBaHvrfl. MenKoAr,rclepcHbrx crpyKTyp c

ALIaMerpoM 3epHa I20 u 30 rvmrra B crrrlrKax y-TiAl(Nb) n y-TiAl(Nb,Zr,Cr) npu

Mr{KponerprpoBaHr{r4 6opco4epxaqr,rMrd nr.rrarypaun TiBz u LaBo. BluueHo,

uocre4yrcrqefi

o6pa:onaHHeM

rrTo r4cxoAHbre nr{faTypbr rroABepfaroTcr pacTBopeHr,rrc

peKpr4crannu3ar\wr B Nb-cogepxarqnx pacrrJraBax TiAl

T4

c

MI{KpoKpI{cr€LrrJroB rn6p4ux pacrBopoB Titr-*Nb*B Ha ocHoBe rr,rono6opuga

ruraHa. B cucreMe TiAlOh) oHrl f,BJrrrorcr rIeHTpaMu 3apoxAeHr,rr s€peH

oAHOBpeMeHHOfO CHrDr(eHr4t

CJII,ITKE.

Bnepnne MeroAoM E3lI

KOHTIeHTpa\r4r4 pacTBOpeHHOrO Kr{CnOpOAa B

nepBnrrHofi B-Qa:u.



orpax(eHa B BbrBoAax Alrcceprar{r4v. flpone4enHue HayrrHble I4ccJIeAoBaHl4fl,

MoxHo xapaKTepu3oBarb KaK HayrrHo o6ocHosaHHble pa3pa6orKl4,

cnoco6crByloque pelxeHlalo BaxHbIX npI{KJIaAHbIX 3aAarl s o6racru

HoBbrx r,IHTepMeraJIHAHbIX (oonerrux") xaponpoqHblx c[JIaBoB

BbrcoKI4Mu Qn:uro-MexaHur{ecKI4MI,I cnofi crnaun.

Hayq naq Hon[sHa r4ccneAoB anufi ri nonyqeHHblx pe3yJlbraroB rIoJIHocrbIo

co3AaHr4t

(IDKC) c

.{ocronepHocrb tr HoBr,r3Ha nonyrreHHbrx pe3yJlbraroB Auccepraquouuofi

pa6otu rroATBep)KAeHa 3HaqrlTenbHbrM Konr4qecrBoM gKcneprIMeHT€LIIbHbIX

pe3yJIbTaToB, nolyqeHHblx c ucrroJrb3oBaHr4eM KoMrIJIeKca coBpeMeHHbIX

aHaJrurvqecKr4x MeroAoB r,rccJreAoBaHns, crpyKTypu, Qa:onoro cocrasa u csoficrs

H3yqaeMbrx crrJraBoB r4 colocTaBJreHHeM 3TI4x pe3ynbTaToB c AaHHbIMI4 ApyfI'IX

aBropoB. flolyueuuue Ar{ccepraHroM ocHoBHbIe pe3yJlbrarbl anpo6upoBaHbl

6onee qeM Ha 15-ru MexAyHapoAHbrx roHSepeHrII,Itx, a raKxe ony6nuroBaHbl B

23 crarssx B BeAyrqnx npoQuJrbHbrx Poccuficrvx v Me)KAyHapoAHbIx xypHaJlax,

r4HAeKcr4pyeMbrx n Web of Science v Scopus. Kpoue roro, ro pe3ynbraraM

pa6oru Ar4ccepraHTa rroJryqeH 1 [areHT PO ra rIoAaHbI 2 taresrHble 3€UIBKLI B

OI,IIIC.

3na.rnMocru pesyrrrarog HccJreAoBaHr4fl. cocrorlT B ToM, tITo nonyqeHHble

LI CrrCTeMaTr,r3r,rpoBaHHbre aBTopoM AaHHbIe no3BoJItIOT BHeCTI4 BKnaA B

rroHuMaHue [pnpoAbr crpyKTypoo6pa:onaHnfl rlpu ucrloJlb3oBannvr piBrI,ItIHbIX

TexHoJrofiafi npuroroBJreHl4t crrnaBoB Ha ocHoBe MynbrI,IiIerI,IpoBaHHbIX cl4creM

TiAl, a raKxe B co3AaHHe HayqHbrx ocHoB pa:pa6orKl,I HoBbIX xaponpoqHblx

MaTepLI €lJI OB c Bblco KI,IMI,I Snsu ro-vrexaHl4qecKllM I4 csofi crsal\,I I4.

OcHosHoe BHr{MaHLre B pa6ore yAeneHo KoMrIneKcHoMy ananvl,sy

3aBr,rcr4Mocrrl $a^:onoro cocraBa, MuKpocrpyKTypbl v MexaHuqecKux cnoficrs

o6parqon crrJraBoB Ha ocHoBe TiAl or cnoco6oe nerI4poBaHI,It HcxoAHbIX

cocraBoB.

SrcnepnvreHT€urbHo yrorrHeHa pac.r€rHar $a:onax AI4arpaMMa cocrotHr4fl, -

ucesAo6nHapHat l43onrlera Ti-Al-8ar.% Nb Ant cocrasa Ti-46A1-8Nb (n.%).

florasaHo, r{ro repBr4rrHoft mdpaofi {a:ofi cIIJIaBa tBJlterct B(Ti), a rlyrb ero



$a:onnx rpeBpalqeHufi pacronoxeH 6rtusxo (n rpeAenax l-1.5 ar. %) or

[epl,IreKTrErra p+4,.

Bnepnue pa:pa6oraHu npneurt crpyKTypHoro KoHrpoJIt

Ha ocHoBe y-TiAl MeroAaMlI rnrelrHofiLIHTepMeTalrLIqecKux ctIJIaBoB

Beprr4Kurnruoft HalpaBJreHnofi Kpr4cranJln3a\r4v B MHoro3oHHbIx rpy6uarux IIetIax

(BFil() r4 BbrcoKorpaAueHrHofi (300 'C/crr,r) 6ecrurelrHofi I'IHAyKIII4oHHofi soHHofi

TTJIaBKI,I (E3lI). E3II 3atBJIeHa K rIareHToBaHLIIo KaK cuoco6

HHTepMeraJrnHAoB Ha ocHoBe TiAl.

o6pa6omu

Bneparre ycraHoBneHbr oKr,rcJrHTeJrbHbIe [poqeccbl I4 Queuro-xllMl4qecKl{e

MexaHu3Mbr Lr3Hoca B-cra6ulr,r3r,rpoBaHHblx crIJIaBoB rIpI4 rpn6oloruqecKllx

HcrrbrraHr,rf,x B nape c xpoMr4crofi cramro. ,{ora^:aHa Bblcorcan rpu6oxHMl4rlecKat

crofirocrr crlrlaBa Ti-44A1-5Nb-3Cr-l.5Zr v

rrpoH3BoAHbIX B Bo3AyluHofi cpe4e.

OcHoeHHe rIoJIo)KeHI'It AI4ccepraIluouHofi

HCCJIeAOBaHVflX) BbInOJIHeHHbIX JII4I{HO VI[I4 npH

ero 6op-naHraH-coAepxalqux

pa6oru ocHoBblBalorcfl Ha

HerrocpeAcrBeHHoM JIIIr{HOM

yqacrr4v aBTopa. Anrop [pr4Hr,rMiur yqacrrle n paspa6orKe MeroAI,IK npoBeAeHI'It

3KCnepI4MeHTOB, TIpOBeAeHLII4 3KCnepI',IMeHTOB' o6cyxgeHnz, aHiuII43e v

oQoprvrneHl,Iu pe3yJlbraroB B BI'IAe HayqH bIX uy6lraraqufi .

[panruqecroe rHaqeune pe3ynbTaTon pa6oru onpeAenteTcq TeM, qTo oHI4

6y4yr cuoco6crBoBaTb pa3BIlTLIrc rexHonorufi rtoflyqeHut 14 pac1unpeHlalo

OOJIACTH npaKTuqecKofo npIIMeHeHI,It BbrcoKoTeMnep aTypHblx

r4HTepMer€rlrprqecKr4x crrJraBoB Ha ocHoBe TiAl, [epcneKTrIBHbIX AJII co3AalJufl

orBercrBeHHbrx uz4ettuit HoBbrx gHeprerlIrIecKI,IX ycraHoBoK rI cleIITexHI'IKH.

Yxe Ha cra$[{],1- BbrrroJrHeilvrt $r4ccepraqHoHHofi pa6orbl, rIoJIyqenHHe s e€

xoAe 3Kcnepr4MeHT€LlrbHbre crrJraBbr lr reoperr,rqecKue pe3ynbrarbl Irp[MeHtJII4Cb B

MeXAIdcIIunJIuHapHbIx HayqHo-LlccJleAoBaTenbcKux npoeKrax e AO (|IIII PO

@Hsraro-eHeprerlrr{ecrufi rlHcrlrryr urvr. A.I4. JleinyHcKoro)> (O6nuHcr), OOO

<<TexHolorurqecKpre Cncreuu 3aqnurrtx llorpuruft>> (Mocrna) u Poccuficro-

repMaHcKoM rIeHTpe na3epHbrx rexsolorufi (I,InuCT) (Canrr-flerep6ypr).
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CoorsercrByroull4e aKTbI

rrpeAcTaBJreHbr B rrpHnoxeH'uu

o [paKTnr{ecKoM rrpr,rMeHeH}II4 pe3ynbTaroB

K Ar4cceprarluoHuofi pa6ore (crp. 320-322).

cocraBoB 14 cuoco6os noJlyqeHlat

3arraTeHToBaHa vlru IIpeAcTaBJIeHa K

uzn.eruit. us

OpnrnHarbHocrb paspa6oraHHblx

rrccneAyeMbrx B pa6ore Marepr4€uloB

IIATCHTOBAHI,ITO:

o flarenr PO Ns 2362651 <Cuoco6 uoryueHurfl cJII,ITKoB n JII,IrbIx

I'IHTEPMETAIII'IqECKI,IX CTIJIABOB.

o 3aqsxa Ha rlareHr P(D Ns 2015149049 <Cnoco6 o6pa6orrcu

rr HTepM eTaII LlqecKr4x cnnaBoB Ha ocHo Be f aMMa-aJIIOMI,IHHAa rI,lTaHD).

o 3assra Ha rrareHr P@ i\b 2015154794 <<trtlHrepruer€LrrJrlrqecruft crnaB Ha

ocHoBe TiAl>.

PercoruenAau[ n uo ncno.nrgosaH nro pe3yJrbraroB H BbIBoAoB Ar4ccepra\ur4

B coorBercrBvrv c n. 24 <<floloxeHkrfl, o [oprAKe rrpucyxAeHut yrIeHbIX cteneHeft>>

BAK PO.

Hecuorpr Ha yxe Aocrr4rHyrbre BaxHbre pe3ynbrarbl, npeAllonaraerct

qelecoo6pa3HbrM rrpoAonxnrr pa6ory B HarrpaBneHr,In onrlIMI,I3aIII4I{ cocraBoB

x(aporpoqHbrx crrJraBoB Ha ocHoBe cr4creM Ti-Al-(X-KoMrIoHeHrrt), r4e X - Nb,

Zr, Cr u Ap. c yqeroM rxr4poKlrx Bo3Mo)KHocrefi no nerI,IpoBaHI,IIo I4ccJIeAyeMbIX

Marepr4€uro n u rou6 I,IH Hpo BaHIaIo rexHonorl,IqecKllx rIoAXoAoB.

Paspa6oraHHbre HayqHo-TexHr,rqecKpre rrpnHrILr[bI rIoJIf{eHI,It crIJIaBoB

Moryr 6rrru pe€urr43oBaHbr Ha cra1uu orrbrrHo-rexHoJlorl,I.Iecrofi pa6omt (OTP) u

rrocneAyroulefo BHeApeHI4t B ycnoBl,ttx I,IHHoBaIIuoHHbIX npe4npurnaft,

BeHrrypHbrx rounanufi v MeranJryprr4rlecKux npe4upnrrrafi PO,

c[eqtr€rnu3r4pyroquxcr Ha [onyrreHur4 MaTepu€uloB Ans BblcoKoTeMnepaTypHofo

npr,rMeHeHnfl,, cp e AV HLIX CJI eAyeT BbIAeJII4Tb :

o AO <<AsnaABHrareJIb>);

o AO <<Kouno:ur>>;

o AO <flepucrufi rvroropnrtfi rano4>>;

o IIAO <Vorarr,rcxoe Moropocrpor4TeJrbHoe npor43BoAcrBeHHoe o6reAuseHne)>

(rrAo YMno);



Ofyn (IleHrpanbHbrfi r4Hcrr,rryr aBr4ar.Ir4oHHoro MoropocrpoeHl,It r4M. n.VT.

BapaHona) (O|YII LMAM);

o (DfYlI <Bcepoccuitcxuft HayqHo-HccJreAoBarelrcrcnfi I,IHcrI,ITyr

aBr,rarILroHHbIX MarepuiuloB) |FIII P(D (Ofyll BI4AM) u ap.

O6utaq oueHlca conepxaHrq n odopMreHrq Ancceprauuu. Oco6o

cneAyer orMerr,rrb sHcorufi nayuHrrfi ypoBeHb pa6oru. Pa6ora crIJIaHI4poBaHa Lr

BbrnoJrHeHa B oTHocLrTeJrbHo KoporKr,re cpoKl,r, BKJIIoqas AOCTaTOqHO TpyAOeMKOe

uccJreAoBanne, ony6nraroBaHne ocHoBHbIX pe3ynbraroB u ux rlareHToBaHue B .

B qelola pe3yJrbrarbr Ar{ccepra\vvr }rMelor BbIcoKyIo HayqHylo 3Haql,IMocrb,

rrocKonbKy HarrpaBneHbr Ha perueHlre oAHofi H3 Hau6olee aKTyanbHbIX 3aAaq

coBpeMeHHoro Marepr,ranoBeAeHHr - co3AaHr4e HoBbIX Marepl4iuloB AJIq pa6oru n

gKcrpeM€urbHbrx ycJroBlrrx (o4nonpeMeHHoro sosAeficrsuq rIoBbIIueHHbIX

TeMrrepaTYP, HarPY3KlI I'I afpeccIlBHUX Cpe4).

Pa6ora npeAcraBJreHa s 1l rnasax, HarILIcaHa xopourllM t3bIKoM, ocHoBHbIe

pe3ynbrarrr ony6nnKoBaHbr. Pa6ora r,r3JroxeHa ua 379 crpaHl,Iqax, BKJIIoqas, 16l

pr{cyHoK vr 41 ra6nnqy. Eu6nuorpa$un BKJIIoqaer 236 HanMeHoBar^ufi.

AnropeQ epar rronHocrbro coorBercrByer coAep)KaHrrrc ALIcce pr au:aul.

Bruecre c reM, orMerrafl Aocror,rHcrBa Al,IccepralluoHHofi pa6orbl, cJleAyer

BbrcKa3aTb PrA 3aMeqaHHI,I.

O6rUne 3aMeqaH[s. O6qui't alealu3 coAep]KaHvrr AI4ccepraI{HI4 BrIf,BI,IJI

HeAOCTaTKI4, cpeALI KoTopbIX cneAyeT BbIAeJII'ITb cJIeAyIoqI4e :

o CleAyer orMerlrrb, rrro B pa6ore He noJlHocrbK) HaIITeJI orpa)KeHl,Ie Borlpoc o

xapocrofiKocrlr [oJryrreHHbrx Marepr,r€uroB. llparruvecKoe I4cIIoJIb3oBaHHe

I4XC rpeAlroJlaraer oKcrlnyarallurc B BblcoKoreMnepaTypHblx

oKI,IcJII,ITeJIrHbIX cpeAax, TAe HLI3KI4E NOKA3ATEJIH XAPOCTOfiKOCTI,I MOryT

HI{BeJII4pOBaTb BbICOKne xapaKTepvcTvrKvr )KapolpoqHocTll.

o @opMar Ar4cceprarlnu He orrrr,rMr,r3r4poBaH. [Iacceprar\vrL BKJlloqarcrqas I I

ruIaB, MorJra 6utr onrprMr43npoBaHa Ao 7 rJIaB, qro coorBercrByer

o6rqenpuHtroMy Soprvrary.



. Cne4yer rBHo BbrAenr,rrb o6rqyro cKJroHHocrb aBTopa K Heo[paBAaHHoMy

r4crroJlb3 oBaHLrIo aHUIOq3bItrHbIX TepMI4HOB, H anp I{Mep :

- eepuQuKaqun, pyccrufi aHaJIor - npoBepKaurv rIoATBepxAeHI'Ie,

- uacmur4bt-HyKneaHmbt) pyccKlrl4 aHaJror - ALIc[epcI{oHHbIe r{acTI,IIIbI,

- crp. 155, <<Pacr{er oKcrlepllMeHr€InbHoro 6euwaprca na pa6otu [182] ).

- crp. 189, (...npuqI,IHbI pacxox4enus. MexAy npedurcmueuoil meopueil u

np aKrlrKofi Qoprr,rupoBaH I4t MI4 KpocrpyKTyp bI c rIJIaBo B) .

- crp. 209 <<...JvtuKponpequnumaHmor ...>>

- crp. 235 <<...Co-npequnumat4un ...>>

- crp. 239 <<. . .Hauo-npequnumambt. ..>>,

flpucyrcrByrcr B reKcre Al{ccepralq:lln v cropHble yTBepxAeHVs, TaKVe KaK:

- crp. 27. <<I4rnepMerallJlugrr (upIEpoAHbIe KoMrIo3rIrbI).... )

- crp. 51. <<...O4uaro, HcnoJrb3oBaHrle HeKoropblx r43 HHx (rurelruux

rvrarepnanon) HeBo3MolKHo HJrH 3arpyAHeHo H3-3a omHocumerbHo uusxoti

me.tutnepamypbt nnazreHufl AlzOl, CeO. . ...>,

- crp. 216. <<...fpauynnpHan MvrKpocrpyKrypa crlrlaBa Ti-46A1-8Nb (ar.%)>,

B rercre Ar{ccepraqr,rrr Ha HeKoropbrx pucyHKax Bcrpeqalorct o6osHa'IeHuq

Ha aumuficrou t3blKe A;tt oceBbIX uoAnncefi n Ha o6osHaqeHnflx

gKCrrepLrMeHT€IrIbHbIX KpI{BbIX.

BHqsreHHbre 3aMeqalnnfl He Bnuf,ror Ha o6ulyro IIoJIoxLITeJIbHyIo oIIeHKy

pa6oru.

3arc.nrcqeuue. .{ncceprarlr4r rrpeAcraBJlf,er co6ofi 3aBepIIreHHyIo HayqHo-

xranu$urarllroHHyro HccJreAoBareirbcKyro pa6ory Ha aKTyuuIbHyIo reMy. BHsoAH

r{ peKoMeHAarlr{r,r pa6omr o6ocnosaHu. B coorBercrBl,Il4 c n. 9 <<llonoxeHl'1t o

nopqAKe rrpucyxAeHnfl, yrreHbrx crenesefi) BAK P@, npegcraBJleHHyro pa6ory no

coBoKyrrHocrra paspa6oraHHbrx reoperlar{ecKl,Ix rIoJIoxeHl,Iff rr [onyqeHHblx

[paKTrlrrecKnx pe3ynbraroB cJreAyer xnaruQuqupoBarb KaK HayqHoe AocrrlxeHue

s o6nacrn MarepnanoBeAeHur KoHcrpyKrII,roHHbIX rlHTepMer€ull4qecKux cnJIaBoB

Ha ocHoBe y-TiAl.

Hosrre HaytrHbre pe3ynbrarbr, nolyqeHHble ArrccepraHToM, I4MeIor
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cyqecrBeHHoe 3HarreHue Anr poccrrficxofi HayKI{ 14 rIpaKTHrn s o6racrl4 co3AaHut

HoBbrx ((JlerKr,rx)) xaponpoqHbrx Marepl4€rnoB c BIIOOKI,IMH Qusuxo-

MexaHr4qecKqMpr csoftcrsavu.IAx BHeApeHne Moxer BHecrI4 3HaqI,ITeJIssufi BKJIaA

B pa3Br4Tr4e HoBbrx HayKoeMKr{x rexHoJIoruqecKI,IX orpacJlefi upourt[IJleHHocrla.

Pa6ora oTBeqaer Tpe6oBaHutM BAK, KoTopble rlpeAbtBJltlorcf, K

Ar,rcceprarrnrM Ha coucKaHr{e yueHofi AoKTopa rexHI4qecKHX HayK (nn. 9-14

<<floloxeHIaq o npl4cyxAeH:nu yqeHblx cteneHefi>>, yTBepXAeHHoro

rrocraHoBJreHr.reM llpanurenbcrBa P@ or 24.09.2013 N0842), a ee aBrop, Kapranrtx

An4pefi BaleHrnHoBurr, 3acnyxuBaer rrpucylKAeHnt y.renofi crerleHu AoKTopa

TexHlrqecKrlx HayK rro c[erlri€rJlbHocrl,I 05.16.09 MarepHanoBeAeHI'Ie

(rvremnnyprur).

.{ncceprarlr4oHHatr pa6ora Kapranux A.B. nuqHo rIpeAcraBJIeHa aBropoM,

3acnyrxaHa u olcyxAeHa Ha rrocrotHHo 4eftcrnyrouleM ceMI,IHape IAC}/4'AH 22

uot6pn2016 r., flporoxor Ns 1412016.

PeqenreHr,
I4.o. saN,I. Al{peKrop a l4scruryra no
nayvnofi pa6ore, A.T.H. B.H. CaHnH

flpe4ce4areJlb ceMH Hapa,
h^/ 

".h. 
Ioxnua3as. JIa6. Ne 5. <XusroQa3HbIX CBC-

lpoqeccoB 14 JIHTbIX MarepI4aJIoB)),

A.r.H., upo$eccop

Vqenufi ceKperapr I4CMAH,
x.Q.-rra.n.
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