OT3bIB
opunMaNbHOrO ONIOHEH1a Ha JMccepranuonHyio pabory Hukomaesoit  Asiekcasjipbl
BiagumupoBHel  «YIpaBieHue CIPYKIYpHO-(E30BBIM  COCTOSHHEM W MEXaHHYECKUMH
csoicreamu cmnasa Ti-Al-V Bespenuem Cu wmu Fe npu 5i1eKTPOHHO-TYYECBOM aIMTHBHOM
IIPOU3BOJICTBEY, IIPEJICTABICHHON HA COUCKAHUE YUEHOW CTEIeHN KaHIUAaTa TEXHHYECKHUX HayK
B jaucceprallMoHHRIH  coBeT 24.1.135.01 mo mHayyno¥ crneumansHoctr 1.3.8. @Dusmka

KOHJCHCHPOBAHHOI'O COCTOAHHA.

AKTYaJIBHOCTH IMCCEPTANHOHHONH padoThI

B cospemennOoM MUpe a/UIMTUBHBIC TCXHOJOTHH aKTHBHO BHEAPSAIOTCS BO MHOTrHE ceps
JCATCIIBIIOCTH, B TOM YHCIIE, B aBHAIMOHHO-KOCMHUYECKYIO ITPOMBIIUIEHHOCTE JIUIS IIPOH3BOICTRA
OTBE1CTBEHHBIX A€1ajci, H3TOTaBIMBAEMBIX U3 TUTAHOBLIX CIUIABOB, HApUMep, map-0aToHsI,
JIOLATKH  BEHTUIAIOPOB M KOMIIPECCOPOB aBHMAlMOHHLIX aBurarened. Hecmorps mHa
IIPEUMYINECTBA AU THBHBIX METO/IOB, KIIOUYEBLIM HEJOCTATKOM H3JEIHM, MOTYUYCHHBIX JTHMH
crocobamu, ocrtaéres  (QOpMUPOBAHUHE KPYIHBIX IEPBUYHBIX cronbuareix 3epén  B-Ti,
BO3HMKAIOMMX BCIEJCTBHE 3IIMTAKCHATBHOTO poOCla Ha paHee OCAKIAEHHBIX CJI0SX. ODTOT
NpOIECC HCTATHBHO OTPaXKaeTCs Ha MEXaHWYECKMX CBOMCTBAX MalepualioB, BBI3bIBaAs
AHU301POTIMIO M CYIIECIBEHHO OrPaHUUMBAs €0 IPAKTHIECKOE IIPHMEHEHHE.

Jnst pemienus JIaHHBIX [poOJieM INPEIUTATAIOTCH  IOAXOBI, BKIIOYAIOIIHE BBEJIEHHE
Jerupyionmx  Q00aBOK B BaHHy pACIiaBa, CIOCOOCIBYIONMX M3MEHEHMIO Xapakrepa
Kpucla/ulM3alud M IpefoTBpaiieHuio pocra crondyareix 3epé€ f-Ti. Cpemm naubornee
> Pex I UBHRIX C1abUIU3a10POB BRICTYIIAIOT MEJb M JKEIe30, 00IaJdI0IUE BEICOKMM 3HAYEHUEM
(baxropa orpanuyenus pocra 3epEH, YI0 CO3MAET TPENOCBUIKHA JUIS  (OPMHPOBAHM
MEJIKU3CPHUCTONW PaBHOOCHOH CTPYKTYPBl H, KaK CJCJACIBMC, YIIy4lICHUs MEXaHWIECKHX
csoiicts. CormacHo of30py NHTEparyphl M3ydeHHe ocobeHHOCTeH (OpPMUpPOBAHHSA 3EPEHHON
CIPYKIypBI, (a30BOro cocTaBa M MEXaHWYCCKMX CBOMCTB TuraHoBoro cruiara BT6,
JOIOTHUTEIBHO JIEFTMPOBAHHOTO ME/BI0 HJIM JKENe30M, B IMIPONEcce ABYXIIPOBOIOYHOTO
BIICKIPOMIO-IIYYCBOr0  AJ/IMITHBHOIO IPOM3BOJACTBA paHEe HEe IPOBOJMIOCH M IOITOMY
00naat0T IBHOH aKTYaILHOCTRIO.

AHajiv3 coJepPKRAHU JHCCEPTAITHOHHOM pado el

Hucceprauus msnoxkena Ha 125 cTpaHMUaX ¥ COCTOMT M3 BBEJIEHMS, YETBIPEX IJ1aB,
BBIBOJIOB, CITMCKA JTHTEparyphl U3 141 HauMeHoBaHM.

Bo BBegennn npelciaBleHbl aKryalbHOCTh HCCICAOBAHMMN, CTENEHh pa3paboTaHHOCTH
TCMBI, [CJIb W 3aJla4d MCCICAOBAUMs, HaydHas HOBHM3HA, TEOPETUUYCCKAs W MNpaKiMyecKas
3HAYHMOC I MCCIEI0OBAHUHE, METOIONIOTHUI B METOJBI HCCIIEI0BAH U, FHOAON —BHHG
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Ha 3411y, CTEHCHb JIOCTOBEPHOCTH, alpodanus pe3ynbTaToB MCCIIC/OBAHUSA, JIMYHBIH BKIIA]
COMCKATE/I M €T0 IIeYaTHblC PabOoThl, COOTBEICTBHE JIUCCEPTAIMH TTACIIOPTY CIEHUATRHOCIH U
(unancoBast HOAACPKKA JAHHBIX MCCIICIOBAHMIA,

B mepBoil riase IpejCTaBIeHO ONHMCaHHe QH3HYECKMX OCHOB ¥ KJOYEBBIX IIPOIECCOB,
IPOUCXOAIIMX TIPH KpUCTAJUIM3aldd THTaHoBoro cmiasa BT6 B ycnoBusix a/iMTHBHOTO
IPOM3BOJICTBA. Takke ONMCAHBI XapaKiepHBIC HENOCTAlKH H3JIC/IHM, H3rOTABIHBAEMBIX
AUMIMBHBEIME  ME10JaMH M CIIOCOOBI  MX YCIPAHEHHS IIOCPEJACTBOM  HCIIOJIB30BAHUS
CIIEIMAILHBIX METOMUK M BBeJeHHUs Jerupyromux nobdapok. IlpenocraBiena kiaccubuKamst
aJUIMTUBHLIX METOJOB IIONyYeHMs TUTAHOBBIX CIIJIABOB W ONMCaHUe KaxJoro merojpa. Ha
OCHOBAHHWHU JIM1EPaTypHOTO 0630pa OCYIICCTBIICHA ITOCTAaHOBKA LEIIH H 3a/1a4 UCCIIC[OBaHK A,

B'I’()[]ﬂﬂ rjiasa [noceAameHa ONUCaHUIO MarCpHalioB H METO/0B HCCIICIOBAHHA.
[Ipencrapneno ommcaHue METOIUKH aJUIMTHBHOIO MONYYSHWS H3ICIHH, a TaKKe METOJIOB
HCCIIC/IOBAINS CTPYKTYPHO-(a30BOT0 COCTOSHUS U MEXaHMHYCCKUX CBOKMCTB,

Tperbst  riaBa  mocesimeHa 0coBeHHOCTAM — (OPMUPOBAHMSA  CIPYKIYPHO-(A30BOrO
COCTOSIHHSL M MCXdHHYCCKMX CBOHCTB crutaBa BT6, nmeruposannoro wmepsio. Ilpusojisires
PE3YJIBTATEI UCCIICAOBAHWH O BIMAHMY KOHIEHTPAIMH MEIH Ha 3ePEHHYIO CTPYKTYPY, ha3oBbIi
COClaB U MexaHu4yeckue cpokcipa cmasa BT6. IIponeMoHCTPHPOBAHO BIMSHUE KOHIIEHTPALIMK
MCIH ia MOP(OIIOTHIO 3epeH, 00pa3oBaHye BTOPHYHBIX U TPETHUYHBIX (a3, a TAKKe Ha IIPeiel
IIPOYIIOC IH, TBEPIOCTD U IIACTUYHOCTD.

Yerseprass TiiaBa IIOCBANIEHA KCCIIC/OBAHKMIO CTPYKTYPHO-(a30BOrO COCTOSHHS U
MeXaHUICCKHX CBOHCTB cruiasa BT6, merupoBaHHOro sxesne3om. [IpUBOJSTCS pe3ysbTarhbl
MCCIICIOBANUS OBOIIOUMY 3EPEHHON CTPYKIYPBI M CIpYKTYypHO-(ha30Boro cocrasa crasa BT6 B
3aBHCMMOCTH OT COJICp/Kauus JKkenesa nocine nerupoBadusi. Ocoboe BHUMAHME YIENSETCH
MEXaHMYCCKUM  CBOHCIBAM, BKJIIOuYas IMpEleNl TEKyYeCTH, I[IPOYHOCTE H  OTHOCUTEIBHOE
YIUIMHEHHWE, & TaKKe MEXaHW3MaM YIPOYHEHHUs, ONPENCISIONIAM IOBBIIICHUC MEXAHUYECKHX
XapaK (CPUCTHUK.

OcHoBHBIE pe3yJIbTATLI JIHCCEPTAIHOHHON pabOoThl OTPaKEHbI B pas/iesie BbIBO/bIL.

Hocrosepinocrs 1 HOBH3HA MOJYYEHHBIX PE3YALTATOB

JdocrosepHocTh M 000CHOBANHOCTD IIONYYEHHBIX PE3YILTATOB OOECIICYMBACTCS 3a CYET
HCITOTH30BAHUS COBPEMEHHBIX METOJIOB MCCIICIOBAHUS, CEPTUGUUMPOBAHHOIO aHATMTHIECKOTO
00OpyNOBaUHUs, & TakiKe YJOBICTBOPHUTCILHLIM COBIAJEHUSIM Pe3yJIbTATOB IKCIEPHMEHTOB C
pE3ylibTaTaMu, IPEICTaBICHHBIMU B HAYYHOM JIMieparype.

Pesysb1arbl, COOTBETCTRYIONIME IPU3HAKY HAYYHAS HOBU3HA, CIICIYIONILE!

1. Onucannl mponeccsl KpUCTAIUIM3ALMK U CIPYKIYPooOpa3oBaHus TUTAHOBOTO CIUIABA Ha

ocHose BT6, jiononiniensHo IeIdpOBaHHOrO MEIBIO WM JKEIE30M, MPH (OPMHUPOBAHHH



H3JICJIMH B HEPaBHOBECHBIX YCIOBHSIX ITPOBOJIOYHOIO 3JIEKIPOHHO-IYYEBOIO &JUIMTHBHOIO
IIPOU3BOJICTBRA;

2. BrigBneHo BIUSHME JIECUPOBAHUS MCJALIO HIJIM JKEJIE30M B IIHPOKOM HHTEpBAC
KOHI[EHTpaLMii Ha (OPMUPOBaHME IEPBHYHRIX M BTOPUYHBIX HMHTEPMETAUIMIHBIX (a3, HX
JIOKAIM3ALMIO B 00BEMHYIO JIOIO B MaTepuale aJIuTuBHO HU3TOTOBICHHOTO U3/ICIUS U3 CILIaBa
na ocuone BT6;

3. YcranoBieHRl 3aKOHOMEPHOCTH (GOPMHUpPOBAaHMS 3E€PEHHOH CTPYKIyphl (cTONOUATOH,
C101049aTO-PABHOOCHOM, PaBHOOCHOH), 0O0YCIOBJIEHHBIE PACIIMPEHUEM KOHUEHTPAaLMONHO
LCPEOXJIAXK/IEHHOH 30HBI B BaHHE pacIulaBa B IIPOLECCe 3JIEKIPOHHO-IYYEROr0 aUIMTHUBHOIO
IIPOU3BOICIBA 1/13,11‘611]45'1 H3 CllJldBa Ha OCHOBE BT6, JOMOJIHUTENBHO JIETHPOBAHHOI'O MEALIO HITH
KEJIE30M Pa3/IMYHON KOHLEHTPAlMH, ¢ BBEICOKMM 3HadeHueM (akiopa orpaHudeHuss pocia
3¢peH;

4. BeusirneHsl 3aBUCHMOCTH MEXAaHHYECKMX CBOMCTB BO B3aWMOCBSI3M CO CIPYKTYPHO-
(paz0BBIM COCTABOM M COJEPIKAHHEM JIETHPYIOMIUX 3JIEMEHTOB (MEIM HIIH XKEJe3a) ¢ BBICOKHM
3HaqeHueM (akiopa orpaHudeHus pocra 3eped ciaroB BT6-Cu miu BT6-Fe;

5. lpemtoxen cnocod 3MEKTPOHHO-TYUEBOr0 AIHTUBHOTO IPOH3BOJCIBA H3CITHE U3
ciiasa na octone BT6, jlonontuielbHo JeripoBaHHOro Mesbio B quanazone 0,5 — 10,0 sec.%,
IOCPE/ICTBOM OJHOBPEMEHHOM II0JIa4l B BAHHY PACIUIABA IPOBOJIOK H3 THTAHOBOTO CIUIaBa M
MEJIH, C BO3MOKHOCTRIO (DOPMUPOBAHES B MaTEpUale aili TUBHO H3rOTORJICHHOIO H3/ICIHs TPEX
TUIIOB 3€PCHHON CTPYKTYPB! NEPBUYHLIX 3epeH [-T1;

6. Ilpeuoiken crocod 3JEKTPOHHO-IYYEBOrO aJiMTMBHOTO IIPOM3BOJACTBA M3NEIMH H3
ciiasa Ha ocHOBe BT6, ononHu 1eIBH0 JICTHPOBAHHOIO jKejesoM B jauanaszone 1,0 — 8,0 Bec.%,
IIOCPEJICIBOM OJHOBPEMEHHON 110Ja4M B BAHHY pacIliaBa IIPOBOJIOK W3 THTAHOBOTO CILIaBa H
HU3KOIETUPOBAHHON CTalM, € BO3MOXHOCTBIO (OPMHUpPOBAHUS B MaTepHalae aITATHBHO
H3IOTOBIEHHOTO U3/IETHS IBYX TUMOB 3CPEHHON CTPYK 1Y PEI IEPBUYHEIX 3epeH [-Ti.

Hayunasi 3Ha4UMOCTh M IPAKTHYCCKAST HEHHOCTD

Hayanast 3mauumocrs paboThl 3aKI04AeTCs B PA3BUTHH (U3UMKH KOHIACHCHPOBAHHOIO
COCTOSIHHS ¥ MalCPHAJIOBEACHHUS B BOIIPOCaxX ITyDOKOTO IIOHUMaHUs TIPOIECCOB (GOPMUPOBAH MsI
CLPYK1ypHO-()a30BOr0 COCTOSIHHSIT M MEXaHM4YECKHX CBOMCIB TuraHoBoro cruiaa BT6,
IIOJIyYEHHOIO METOJAOM  OJIEKTPOHHO-TYYEBOTO a/UIMTHBHOTO IPOM3BOACTBA. [lomydeHHbIe
PC3YIIbTdALB] pacliupsiOrT Ipadruibl HAYYHBIX HpeJIC‘l'aBIIGHHI:I H OTKPI:IB'alUT Uy1rbk K CO3JIdHUIO
HOBLIX HHHOBALMOHHBIX PelleHUi B aBMAIIMOHHON B KOCMHYECKOH oTpacisx.

IIpakrugeckast uennocrs padorbl COCTOMT B ONpPeJIEJIEHHH YCIOBHH 3€KIPOHHO-
JYYEBOrO aJAMTUBHOIO IPOM3BOJCTBA M3JENUil M3 TUTaHOBOro craBa BT6, mermpoBanHoro

MCJIBIO HJTH JKCJIC30M, O6JTEl)1'leIl[€TO YIIYHIICHUBIMHY JKCIUTYaTATHOHHBIMH XapaKIePUCTHKAMH H



ofecneyrBaloero MOBEINIEHHYIO JIOJITOBEYHOCTBIO M HAJIEKHOCTBIO, YTO MPHUHLMIIHAILHO BaXKHO
JUIsS TIPUMEHEHHST B ABHAKOCMUYECKOH NPOMBIIUIEHHOCTH. PekoMeHIaluMy 10 YIpaBIICHUIO
CIPYKTYpPO# M CBOWCIBAMH TUTAHOBOTO CIUIABA, JIEI MPOBAHHOTO MEIBIO HIIM JKEIE30M, MOTYT
HCIIONb30BATLCS B IIPOMBIIUIEHHOCTH JUIsS  pa3pabolk¥ KOHKPETHBIX IIPOH3BOACTBEHHBIX
TEXHOJOIMH ¥ CTaHIApTOB.

OcioBHBIC pe3yJIbTaThl JUcceplaluu ormyOmMKoBaHsl B 6 medalHRIX paboTax, M3 HUX 2
Clalbi B JKypHaJIax, BXOISIIKUX B IIEPEUCHD PEICH3UPYEMBIX HAyUHBIX KYPHAJIOB M H3JJaHUA U3
cniucka BAK, 3 crarbm B KypHaJax, BXOJMIMX BO BTOpoi Q2 KBapTWIL H
1 crarpst B cOopuuke MarepuanoB KoHdepeHIui, WHIEKCHpyeMbIX B 0Oa3ax gaHHeIX Web of
Science u Scopus.

CoorBercrBue cogepRanus apropedepara coAepRaHHIO AUCCEPTAIIHH

ABTOpedepaT oTpakaeT coJAepKaHHue JUCCEPTalMOHHOH padoTEl.

CoorBercrBue JMccepTalMi BEIOPAHHOH CIICNHAJIBHOCTH

Huccepranuonnas padbora 1o cBOCH NENH, 3a7a4daM, COAEPKAHNIO, METO1aM HCCIIE0BaH U
U naydHoi HoBM3He cooTBeTcTByeT 1. 4 (Paspaborka skcleprMeHTAIBHBIX METOI0B M3Y4YeHUs
(U3MYECKUX CBOMCTB M co3/laHie (PU3MYECKHX OCHOB ITPOMBINIIEHHONH TEXHOJOIHU TTOJNYYEHUs
MATepHATIOB ¢ OIPEACNICHHBIMU CBOHCIBAMH) | I1. 6 (YC1aHOBICHHUE 3aKOHOMEPHOCTEH BIHSHUS
TEXHOJIOTUM TOTydeHus: MW 00paboTKHM MaTepualoB Ha HX CTPYKTYpY, MEXaHHUUECKHUE,
XUMHYCCKHE M (U3MYCCKHE CBOHCIBA, 4 TaKKE TEXHOJIOTHYCCKHE CBOMCTBA W3JICIIMH,
IIpe/IHA3HA9EHHBIX JI7Is1 HCITONIB30BAHUS B Pa3/IMIHELIX 00Nac X TPOMBIIIICHHOCTH U MEIMLIMHEI)
nacropra cnenuansiocTd 1.3.8. OHU3HKa KOHIEHCHPOBAHHOTO COCTOSHUS (TEXHUUCCKHE HAYKH).

3ameuanusi Mo JUccepTalHONNoi padore

1. B paszesne 2, 1. 2.1.2 npejacTaBieHo OIMCAHUE METOMMKH AIJMTMBHOTO IIOJIYYESHUS
M3JICIIMH ¢ UCIOJIB30BAHUEM 3JIEKTPOHHOTO IyYKa. YKa3aHO, YTO YCKOPSIOIIEE HAIpPKCHUC
DIIEKIPOHHOrO Iydka ObUIO IocTostHHBIM M coctaBisuio 30 kB. Kakxo#d pabounil juanazon
YCKOPSIOIIEr0 HANpPSKEHUs SIEKTPOHHOM nymku? I[IpoBOJMIKCE JIM  3KCIEPUMEHTHI 110
OIIPEJIEJIEHUIO BIIMsHUST BEIMYHHLI YCKOPSIOMIETO HalpspKeHus Ha cBoMcTBa GopMupyemMoro
crutaa? SIBnsieTcst JIU JIaHHAS BeJIMYKHHA YCKOPSIOIero Hanpsokenus 30 kB omruMansroi?

2. B paszene 2, m. 2.1.2 taxke ckazado, 410 «/lnst dopmuposanus crenok (Ti-Al-V)+Cu
TOK my4dka cocrasisur 55 MA. Ilo mepe ypelmdenust BBICOTBI (POPMHPYEMBIX CTEHOK,
IIPOM3BOJMIIOCH CHIDKEHHE ToKa myuka 10 40 MA...». [Touemy mmenno mo 40 MA? D10 3HageHue
OlIpeJIesIeHO aMITUpHUecKuM Iy TéM? OOHApOJOBAHEI T/IE-TO 3TH JaHHEIC?

Tor ke Bompoc kacaercs Gopmuposanus crenok (Ti-Al-V)+Fe, rue B HayaJbHBIA MOMEHT
BpEeMEHH TOK IIydxa coctaBisut S0 MA, a 1o Mepe yBeJIMYEeHHs BBICOTHI CIEHOK, IIPOU3BOIMIIOCE

CHIDKEHHE TOKA IIy4Ka 110 25 MA.



3akioyeHue
IlpencraBnenple 3aMedyaHWs HE OTpakaloTes Ha o0mEed [MONOKHUTENBHOH OLEHKE

JUCCEPTAlMONHON pabOThI, KOTOpas BBIIONHEHA Ha BLICOKOM HAy4YHOM YpoBHeE. Jluccepraiius
Huxonaepoit Anexcanipsl BiaJIuMHPOBHEI Ha COWCKAHUE YYEHOH CTEllEHH KAHIHAA1a
TEXHUYECKHX HayK oO0/afaeT BHYTPCHHHM EIHHCIBOM, COJICPKHT HOBBIE M JIOCTOBEPHEIE
pe3ylbTarThl M ABJSETCS 3aBepPIIEHHOM HayuyHO-KBaludukanuoHHoH paboroi. OCHOBHBIE
Hay4HbIe pe3yJIbTaThl JUCCEplallii OITyOMMKOBAHLI B PELECHIUPYEMBIX HAYYHBIX H3J[@HHSIX B
OOCTaTOYHOM Konuyecie. Cumralo, 4Yto maucceprauwonHas pabora Hukomaesoit A.B.
«YrpaBnenue cTpyKrypHo-(ha3oBbIM COCTOSHHEM W MEXAHWYECKUMH CBOMCIBAMHU criasa Ti-Al-
V' Beegesmem Cu wmu Fe npu 201eKrpoHHO-IYYEBOM  a/UIMTMBHOM ITPOM3BOJCIBE» 10
aKryalbioctd, o00BbEMY pabOTBl, HAayYHOH HOBH3HE, TEOPETUYECKOH M IpaKIHYecKoi
3HAYMMOCTH  IIOJIHOCTBIO  OTBEYAeT TpeOOBaHHAM, MPCABSBISEMBIM K  KaHIHJIATCKUM
AUCCEPTAUAM U cooTBeTCIBYeT Kputepusam LI 11.9-14 «llonoxenus o NpUCYKAeHUH YUEHBIX
crenencity, yrsepxaéngoro Ilocranosnenuem IIpasutenscrsa PO ot 24.09.2013 (B pex. or
16.10.2024), a e¢ asrop — Hukomnaesa Anexkcannpa BiauMupoBHa 3aciyKUBaeT MPHCYKISHHAS
YYEHOH CICHNEHH KaHjuJara TeXHMYECKHX HayK 1o cueuuansioctn 1.3.8. ®uswka

KOHIEHCUPOBAHHOTO COCTOSHMS.

Cornacen Ha BKIIOYEHHE CBOHX IEPCOHANBLHBIX JaHHBIX B JOKYMEHIBI, CBA3AHHBIC C

paloTOH JUCCeP1allMONHOTO COBETA, H UX JAlbHEHRIIYIO 00pabo1Ky.

Oduunansuniii onumone::
JoKrop TeXxHMYECKMX HayK, 3aMeCIu1elb JJUPEKIopa
[0 Hay4HOH paboTe, cTapmIUil HAyYHBIH COTPYIHHK
DejlepanbHOT0  I'OCYHAPCTBEHHOTO  OIOZKETHOIO
yupexKJACHUST  HAyKd  MHCIUTYT  CMIBLHOTOYHOH
anexktpounky Cubupckoro otmenenus Poccuickoi
aKaJeMHM HayK, HaydHas croeudansHocth 1.3.8.
Du3uKa KOHICHCUPOBAHHOIO COCTOSHUS

634055, r. Tomck, npocuexT AxkageMuueckuii 2/3
E-mail: as.grenaderovi@hcei.ru

Tenedon: 8(3822)-49-17-74
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