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Ha JUccepTaluoHHYI0 padoTy Psibosa JIMuTpus AnexcanapoBuda Ha TEMY
«Pa3paborka MeToa OLEHKH M3MEHEHHUs CTPYKTYPbI U CBOMCTB (- M MICEBI0-0,
TUTAHOBBIX CIIJIABOB IIPX HAaBOJAOPOXUBAHUMY, MIPEACTABICHHYIO Ha COMCKAHHE

y4€HOH CcTeneHu KaHauaaTa TeXHUYeCKUX HayK 110 Hay4HOU CrelHallbHOCTH
2.6.1. MerannoBenenue U TepMuyueckas o0padoTKa METaJIJIOB H CIJIABOB

AKTyaJ'l bHOCTb TE€EMbI JHCCEPTALHH

TuTaHoBble CIUIaBbl  IIMPOKO  HMCIHOJNB3YIOTCS B TaKUX  OTpacisx
NPOMBILIJIEHHOCTH, ~ KaK  aroOMHas,  XUMHUYecKas,  paKeTOCTpOHMTEeJIbHas,
HedrerazoBas. Hampumep, 5SKcrulyatamusi CyIOBbIX BOIO-BOIASHBIX SOEPHBIX
SHEpPreTUUeCKUX ycraHoBok (ADY) mnokaszana, 4YTO OJHUM M3 YA3BUMBIX
KOMITOHEHTOB YCTaHOBKHM sBisiercst naporeneparop (II1I'), TpyOnas cucrema
KOTOpPOro M3rotoBjeHa U3 TuTtaHoBbix cmiaBoB [IT-7M u IIT-3B. B npouecce
JKCIUTyaTallMy TPYOHOH CHCTEMBbl Ha Marepuall BO3ACHCTBYIOT Takue (pakTopsbl, KaK
JIaBJIeHHe, BbICOKas TeMieparypa u coctaB paboueii cpensl. [Ipu 3ToM, Hanbomee
3HAYUMBbIM (PAKTOPOM, CHMKAIOIIMM M3HAYAJIbHO 3a/laHHbIe (PU3MKO-MEXaHHYECKHe
XapaKTepUCTUKH Marepuaia, SsBIseTcs B3auMOJAEHCTBUE C colepKalumcsi B
TeNJIOHOCUTeNe BoaopoaoM. HeratuBHoe Bo3zaeiicTBME BOLOpOAA 4allle BCEro
NposiBIsieTcs B BUJE BOJOPOJHOM XPYNKOCTH, KOTOpas XapaKTepu3yeTcs
nerpaganyeld MexaHu4eCcKUX CBOMCTB TUTAHOBBIX crijlaBoB. OOpaszoBaBiinecs npu
KOHTAKTe TUTAHOBBIX CIIJIABOB C BOAOPOJIOM XPYIKHE THPUbI SBISIOTCA OHaraMu
pa3pylIeHHUs.

HecMoTpsi Ha MHOTOYMCIIEHHBIE CYLIECTBYIOUIME HMCCIIEOBaHUs B 001acTH
B3aMMOJEHCTBUS TUTaHa C BOJOPOJOM, 3aJadd OIEepaTUBHOW Hepaszpyllarollen
OLIEHKH KOMIIJIEKCa CI1y)KeOHBIX CBOMCTB THTAHOBBIX CIUIABOB, IKCIIyaTUPYEMbIX B
BOJIOPOJIOCOIEPIKALLUX CPelax, 10 HACTOALLEr0 BpPeMEHH 10 KOHLIa He pelleHbl. J{is
peuieHuss  npoOieMbl  obOecriedeHHsi  Oe30MacHOM  SKCIUIyaralid  0co000
OTBETCTBEHHBIX H3/IeJIMi, H3rOTOBJIEHHBIX W3 THUTAHOBBIX CIUIABOB, TpeOyeTcs
pa3BUTHE HOBBIX TEXHMYECKMX TMOAXO/I0B C HCMOIb30BaHUEM CTPYKTYpHO-



YyBCTBUTENbHBIX METOJOB HCCIe/I0BaHus. B HacTOsI1Iee BPEMS JUIS OLCHKH CTeNeHH
HABOJIOPOKMBAHUS TUTAHOBBIX CIUIABOB HCIOJB3YIOTCA (Gu3MUECKUEe METOJBI,
OCHOBAaHHBIE HA M3MEPEHHUSX TEPMO-3JIC, EKTPOCONPOTHBICHUS W TapaMeTpoB
pacrnpocTpaHeHHss [OBEPXHOCTHBIX —YNPYrWX — BOJH. Ha ocHoBe aHaiM3a
TATEpPATYPHBIX JAHHBIX M3 OTKPBITHIX HMCTOYHMKOB TIOKA3aHO, HTO Hamodosee
epPCHeKTUBHBIM METOAOM IS Hepa3pyllIalollell OLEHKM HM3MEHEHHs CBOWCTB
MaTepUaJIoB SIBISETCSA aKyCTHYECKHi METO/.

Takum oOpa3oMm, HacTosllas aUccepTaldoOHHAsA pabora Psbosa JI.A.,
[TOCBSILIEHHAS HCCIEIOBAHMIO BJIMSHHMS HABOJOPOXKMBaHMs Ha HM3MCHCHHE
CTPYKTYpbl U (U3HKO-MEXaHHYECKUX XaPAKTEPUCTHK 0- M TMCEB/0-0. THTAHOBBIX
CIIaBoB, a TaKke paspaboTke M anpodaun MeToja OLCHKH CTCICHH
HABOJIOPOKMBAHUSL U CITY’KEOHBIX CBOMCTB THTAHOBBIX KOHCTPYKLMH, KOTOPBIH
[O3BOJIUT ONEPATHBHO MONy4YaTh MH(MOPMALKIO O XapaKTepUCTHKaX Marephaja B
mpolecce  IKCILUTyaTalldd, — sBISETCA  PELICHHEM aKTyaJIbHOH  MPOOJIEMBI
obecreueHns HAJEKHOCTH 0CO00 OTBETCTBEHHBIX U3/I€JIMH U3 THTAHOBBIX CIIJIABOB.

OueHKa CTPYKTYPbI H coJiepKaHusi padoThl

JluccepraininoHHast pabora npescTaBiseT coboii XOpOLIO
CTPYKTYPHPOBaHHBIH  MOCJIE0OBATE/IbHO M3JI0EHHBI  TEOpeTUYEeCKHH |
SKCIIepUMEHTANbHBIN Marepua. Hacrosiuas qucceprauus COCTOMT U3 BBEACHU, 5
OCHOBHBIX IV1aB, 3aK/IOUEHHMs, CIMCKAa HCMOIb30BAaHHON JIMTEpaTypebl (179
namMenosanuii), 2 Ilpunoxenuii. B paGore 00OocHOBaHA —aKTyalbHOCTH
MPOBEICHHBIX ~ MCCIEIOBAHMA,  ONpEJeNeHbl  Heam v - 3a1at paboTsl,
copMynTMpoBaHa HaydHas HOBM3HA, TEOPETHUYECKas W MPaKTHUECKas 3HAYUMOCTh
paboThl, @ TAKXKE MOJIOKEHHSI, BBIHOCUMBbIC Ha 3alLUTY. OTMeueHa JI0CTOBEPHOCTD
MONTydeHHBIX Pe3yJIbTaTOB M JIMYHBINA BKJIaJl COMCKATEIIS.

B nepBoii r1ase npeacTaBieH 0030p IMTEPaTypPHBIX AaHHBIX O (GU3MYECKUX H
MEXaHHUYECKHX XapaKTepUCTHKaxX TUTAaHA, BIMSIHMA HACBIMICHUA THTAHOBBIX
CIIJIABOB BOJOPONOM Ha MEXaHMYECKHE XapaKTepPUCTHKH W TPELUHOCTORKOCTB.
BBITOMHEH aHATM3 COBPEMEHHOTO COCTOSHMS HMCC/eI0BaHMH W TEXHHYECKHX
pa3paboTOK B 0671aCTH BOJOPOHOTO OXPYTTHHBAHNS THTAHOBDIX CIIABOB 1 Cpe/CTB
KOHTPOJIsL, CHOPMYIMPOBaHBI LIeJIb ¥ 3a/1a4u HACTOAILEH JUCCepTalnOHHON PabOTHI.

Bo BTopoii I7iaBe JaHbl ONMMCAHHUs COCTaBa MCCICAYCMbIX CIIJIABOB BT1-0,
OT4-0, TIT-7M u I[1T-3B, MeTorKa HachIIEHHs 00Pa3LOB BOIOPOLOM U3 razoBOM
cpe/ibl, METO/Ibl MCCIIEI0BaHNA MUKPOCTPYKTYPE, (azoBoro cocrasa, MjIOTHOCTH,
MeXaHHUeCKUX MCIBITAHUH Ha YJIapHbI M3rnd. AKYCTHYECKME M3MEPCHHA ObLIH
[POBENEHbI C HCIONb30BAHUEM H3MEPHTENLHO-BBIMHCIHTENLHOTO KOMILJIEKCa
«ACTPOH». KommbioTepHoe MOAEIMpOBaHKEe Julsd pacyera HalpHKECHHO-

1eOpPMUPOBAHHOTO COCTOSIHMS 00pa3oB NOC/E CIITIOMHMBAHUA OBLIO BBIITOJIHEHO
¢ npumenenuem [10 ANSYS.



Tperpst T™aBa MOCBsIIEHA nH(OPMAIMOHHO-aHAINTHYECKHA  0030pY
OCHOBHBIX METAJJIOBEIUECKUX 3aKOHOMEPHOCTEH BOAOPOAHOr0 OXpyMmiHBaHHA
TWTAHOBBIX CIUIABOB, a TAKKe aHamu3y (U3HYECKUX MEeTOI0B OINpPe/CICHHA
HaBOZOPOXKUBaHHUs. [10Ka3aHO, YTO YYBCTBUTEIBHOCTD (- M TICEBIO-0 THTAHOBLIX
CIJIAaBOB K BOJIOPOIHOM XPYNKOCTH ONpPEeIAETCs PAAOM (akTopoB: npenenbHOH
pacTBOPMMOCTBIO BOLOPOJA B CIUIaBe, MHTEHCMBHOCTBIO BBIICICHHMS, pocTa H
pacnpejiesieHusi THAPUIHOH a3l TiHX, CKOpPOCTbIO NPHUJIOKEHUS HArpyskH, a
TaKke paboTOH, 3aTpayMBaeMOi Ha paclpOCTPAHEHUE TPELLUH. [Tpu 5 TOM KHHETHKA
HABOJOPOKHBAHHUS THTAHOBBIX O~ M [ICEB/10-0l CIIIABOB ONpPENe/IAeTCA JICTHPYIOUNM
COCTABOM, COCTOSHHMEM TIOBEPXHOCTH, pa3MepoM M (OPMOH CTPYKTYPHBIX
(GparMeHTOB, a TaKkKe YPOBHEM HanpsHKeHHO-1e()OPMUPOBAHHOTO  COCTOSAHUS
Marepuaja M  COOTBETCTBYIOUIeHl  IUIOTHOCTH  CTPYKTYPHBIX nedexTos,
y4aCTBYIOLIMX B TPAHCIIOPTHPOBKE BO0POA. PaccMOTpeHbl OCHOBHbIC MEXAHH3MBI
Jlerpajaluy CTPYKTYPbl M MEXaHUYECKHX CBOHCTB TUTAHOBBIX CIIABOB BCICACTBHE
HABOJIOPOXKMBAHUS, KOTOpbIE CBs3aHBI C MPOLECCOM 00pa3oBaHHUs MHMKPOTIOP;
pa3pylleHHeM KPYIHBIX THIPH/OB, KOTOPbIE CTAHOBATCS HCTOTHHKAMH JIOKAIBHBIX
paspylleHni MOBEPXHOCTH MeTajlia, BbI3bIBAS oOpazoBaHie HOBBIX Ne(hEKTOB
CTPYKTYpbI M pACIPOCTPAHEHHE TPELHH; A TAKOKE C Nepepacrpe/ie/iCHUEM BOLOpOaa
110/1 IEHCTBUEM TEPMOCHIIOBBIX BO31EHCTBHH.

B  deTBeproil [aBe INPHUBEIEHBI  Pe3yNbTaThl  SKCIEPUMEHTATBHBIX
WCCIIe/IOBAHUMN, HaANpaBlIeHHBIX Ha YCTAHOBJICHHE 3aKOHOMEpPHOCTEH BJIMSIHUSA
HABOJIOPOXKHUBAaHUsI HA MHUKPOCTPYKTYpY H (u3MKO-MeXaHUYecKue CBOKMCTBA
tuTanoBeix crmasos [IT-7M, TIT-3B, BT1-0, OT4-0; BausHus HanpsHKeHHO-
neOpMUPOBAHHOIO COCTOSIHUA HA TpelMHO00pa3oBaHe B HaBOJOPOXKEHHBIX
THTaHOBBIX craBax. Ha npumepe marepuana TpyOHO# CHCTEMBI I (I1T-7M)
nocine HapaboTku B TedeHud 100 ThIC. 4. TOKA3aHO, HTO B CIUIABE CPEAHAA
KOHILIEHTPAIMs BOJOpPOAa B CEUEHHH JOCTHraeT spuauenuii  ~ 0,037 wmac.%,.
VCTaHOBJIEHO, YTO KHHETHKA HaBOJOPOXKMBAHMS HCCIIEYyEMBIX CIUIABOB IIpH
T=550°C pasnuuHa W CBA3aHA C JIETUPYIOLIMM COCTABOM M 0COOEHHOCTAMHU
CTpyKTypbl (pasmep M (opma 3epHa, HAIM4IHe W J0NA B-cdbasbl). B wactHOCTH,
[TOKA3aHO, YTO MAKCHMaJibHasi CKOPOCThb MOTJIOLIEHHs BOAOPOIA XapaKTepHa UL
crapa OT4-0 (0,356 mac.% 3a 54) ¢ MOMUIAPHYECKOH CTPYKTYpPO# H pa3Mepom
sepHa 17 MKM, a MMHMMajbHas — JUls CIllaBa [1T-3B (0,086 mac.% 3a 54) ¢
[IACTHHYATOH CTPYKTypoil u 3,5% B-¢hasbl. YCTaHOBICHO, UTO yBEIMHYCHUC
cojiepKaHusi Bojlopoa (CBbllIe npeena pactsopumoctn) B a- (BT1-0, [1T-7M) u
nceno-o (OT4-0, TIT-3B) TuTaHOBBIX CIlIaBax CrocoOCTBYeT 00pa30BaHUIO M
pocTy OObEMHOH J0JIM XPYNKUX THAPUAOB TiHX B CTpyKType, MNpuU ITOM
MIPOMCXOAMT pasyryioTHeHHe (10 2% npy COAEpPKaHWM BOAOPOIA 0,356 mac.%)
Marepuaia. BbIABIEHO, 4TO JUId O-CIUIaBa [IT-7M MexaHu3M T[pOsBICHUS



BOJIOPOJIHOM XPYTKOCTH HOCHT T'MAPHAHBIH Xapakrtep, a Juisl ncesno a-crasa [1T-
3B oH 00OycnoBjieH Kak THAPHAHBIM MEXaHW3MOM, TaKk W AU(pdY3HOHHBIMU
MpOLECCaMH TIPU HU3KUX CKOPOCTSAX HarpyXeHHs.

[IaTas miaBa mocBsAlleHa pa3padoTKe MeToJa OLEHKH  CTeNeHH
HABOIOPOXKUBAHHUS U CITYKEOHBIX CBONCTB (- M CEBI0-0. TATAHOBBIX CIIJIABOB HA
npumepe cruasa BT1-0. IlpencraBneHbl pesyiabTaTbl HCCIIEAOBaHMS BIMSHUA
cofiepKaHus BOJOPO/A B TATAHE HA ITapaMeTpPhbl YIPYTHX BOJH.

Pa3paboTadn MeTol ONEepaTHBHOM OLEHKH CTEINEHH HaBONOPOXKHBaHUs W
CIy’KeOHBIX CBOMCTB (- H MICEBI0-0. THTAHOBBIX CIJIABOB M MPOBE/IEHA anpodaius
npeiokeHHoro cmocoba Ha mpumepe cruaa BT1-0 ¢ npumenennem HMBK
«ACTPOH» ¢ pmatyukamMu MpPOJOJIbHBIX, CABHUIOBBIX M IIOBEPXHOCTHBIX BOJIH.
Paspabotan cnoco0 aKycTHUECKOro KOHTPOJIsS M 3aperHcTpHpoBaHa nporpamma
OBM /1715 OLEHKH HaBOJOPOKEHHOTO COCTOSIHUS THTaHOBBIX cruiaBoB (IlareHT Ha
n3obperenne RU 2813467 «Cnocob® ompeneneHus KOHUEHTpPAllMH BoAOpoaa B
tuTaHoBOM crutaBe»; Ilporpamma mans DBM RU 2023684632 «IIporpamma s
OLIEHKH CTeleHH HABOJOPOKMBAHMS THUTAHOBBIX CILIABOB  YJILTPAa3BYKOBBIM
MeTonom»). Kpome Toro, moarBepxkieHa SKoHOMHYecKas I()HEeKTHBHOCTH OT
BHEJPEHHS B TPOM3BOJICTBO Pa3pabOTaAHHOrO METO/IA OTIEPaTHUBHOM OLICHKH CTEIIeHH
HABONOPOXKMBAHMUA WM3IENUH W3 TUTAHOBBIX CIUIaBoB. [IporHosupyembii
3KOHOMUYECKHH 3P (EKT CBA3aH C COKPALIEHHEM CPOKOB BBIMOJIHEHHS PEMOHTHO-
BOCCTAHOBHMTEIbHBIX paboT u coctasiset 29 225 495 pyo.

IIpuBeieHBl  OCHOBHBIE BBIBOABI 1O  pabore, KOTOpbie  COOTBETCTBYIOT
MOCTABJIEHHBIM LI€JIM M 3a7a4aM. BeIBObl 000CHOBaHBI M JIOCTOBEPHBI.
HoBH3HA HCCIeI0BAHMA H MOJYYEHHBIX Pe3y/ibTaToB

HayyHash HOBH3HA [AWCCEPTALMOHHOM pabOThI ONpenenseTcs, IJaBHbIM
00pa3oM, MOCTAHOBKOW 3ajay MCCIEN0BaHMsA, PEIICHHe KOTOPBIX [O3BOJIKIIO
copMyJTHPOBaTh ClIEAYIOIIHE HAYYHBIE PE3YIIbTAThI:

1. VcraHoBJ€HO, YTO pACTATMBAIOLIME HANPsDKEHWs B O- H ICEBAO-U
THTAHOBBIX CIIaBaX B YCIIOBHSAX HABOJOPOXHBAHMs IMPHBOIAT K YCKOPEHHOMY
hOpMHpOBAHHIO ~ XpYNKMX THAPHIOB M  pacTpeckuBamuio. B obnactu
PACTATHBAIOIIMX HANpsUKeHHH Habmonaercs oOpa3oBaHHE MHMKPOTPELIMH, B TO
BpeMSs Kak B 00JIaCTH CHKMMAIOIIMX HANPsHKEHAH TPELMHBI OTCYTCTBYIOT;

2. JIoka3aHo, YTO CKOPOCTh MOTJIOIIEHUS BOAOPO/A 3aBUCUT OT XUMHUYECKOIo
COCTAaBa THTAHOBOTO CIJIABa, 4 TAK)KE OT Pa3MepoB M (POPMBI 3epHA, HAIIUYUS U 10U
B-(a3bl. YCTaHOBIEHO, YTO MEJIKO3EPHUCTas CTPYKTypa MPUBOAUT K YCKOPEHHOMY
IIOTJIOIIEHUS BOJOPO/IA, HAIMYKME B COCTABE AJIFOMUHHUS CIIOCOOCTBYET YBEIMICHHIO
pacTBOPMMOCTH BOJOPOJA, a BaHAJWH CHIKAET CKOPOCTh €ro aubdy3un B
marepHae;



3. BbIsBIEHO, YTO C YBEIHYEHHEM CONEPXKaHHWs BOIOPO/Aa IOBBIIACTCS
CKOpOCTH 06pa30BaHus, pocTa 00beMHOM [10/IH H pa3MEpOB 'MIPUIO0B, KOTOPBIE B O-
W TICEeBI0-0. THTAHOBBIX CILIaBaX (OPMHUPYIOTCA B BHIE TOHKHX TUIACTHH H JIMH3.
[Toka3aHo, YTO CYIIECTBYET KPHTHUECKOE COJIepyKaH e BOLOPO/Ia, IPH NPEBLILICHHH
KOTOPOTo HabJIIOIAeTCs EPEXO]l K XPYIKOMY pa3pyIIeHHUIO.

4. Jloka3aHo, 4YTO YyBe/MYeHHEe KOHIEHTpALUH BOJAOPOAA MPHBOIUT K
H3MEHEHHIO (PHU3NKO-MEXaHHYECKUX XapaKTEPUCTHK O- M TCEBA0-0 TUTAHOBBIX
CIIJIABOB: 3HAYEHHS IUIOTHOCTH CHMIKAIOTCS A0 2%, 3HAYEHHS] MUKPOTBEPAOCTH H
MOJTY/Is HOPMAJILHOM YIIPYrOCTH BO3PACTAIOT, CKOPOCTH PACIPOCTPAHEHUSA YIIPYTUX
BOJTH CHHIKAOTCS,

5. YcTaHOBIEHO, 4TO I TUTAHOBBIX CIUIABOB 3HAYEHHS aKyCTUYECKHMX
napamerpos  DC w Dt #BOsIOTCSE  CTPYKTYPHO-YYBCTBHTE/bHBIMHU
XapakTepuCTHKAMH, 3aBUCSIIHE OT cofepxanus Bonopoaa. OdpazoBanue ruIpHIoB
XapaKTepU3yeTCs Pe3KAM CHH)KEHHEM 3Ha4YeHHMid HTHX IapaMeTpoB, 4TO ABJIACTCH
KPHTEPHEM 3apOK/IEHHs H POCTa 0OBEMHOI 10/IM THAPUIHOH (asbl.

CreneHb A0CTOBEPHOCTH Pe3yJIbTATOB HCC/IEJOBAHHS

JIOCTOBEPHOCTH NOJTyYEHHBIX Pe3yJIbTaTOB HCCIIE0BAHUH OATBEPXKAACTCS UX
BOCHPOHM3BOJAMMOCTBIO, OONBIIAM 0OBEMOM TOIYYCHHBIX M CTATHCTHYECKH
06paboTaHHBIX JaHHBIX, TPUMEHEHHEM aTTECTOBAHHBIX U MPOIICAIINX anpobanuio
METOAMK HW3MEpeHMil, M[OBEepeHHOro O00OpyHOBaHMS, M  COINOCTAaBICHUEM
YCTaHOBJIEHHBIX B paboTe 3aKOHOMEPHOCTEH C pesy/bTaTamMy Hcciae10BaHHH
ApPYTUX aBTOPOB.

OCHOBHbIE pe3yIbTaThl JHCCEPTALHOHHOH pPabOTBI OIMYyONIMKOBaHbI B 12
[eyaTHBIX paboTax, B TOM YHCIIe B OJHOM yueOHOM 1ocodbuu, & HayqHbIX H3AaHHUAX,
pexomenayembix BAK Poccuiickoit ®enepalud M pEUEH3UPYEMBIX B baze
SCOPUS, Bkmouas | myGIuKalmio B MeKIyHapoXHOM XKypHane ¢ kapTuiem Q1.
[Monyuen 1 mareHT Ha M300peTeHHE W 2 CBHUIETENLCTBA HA rOCYIapCTBEHHYIO
pErucTpaI|io nporpamMmmal st IBM.

Teoperuyeckasi H IPAKTHYECKAsl 3HAUHMOCTH Pe3y/ibTaTOB
JMCCEPTAIIHOHHON PadoThI

K TeopeTHYeCKOi# 3HAYHMOCTH MOXKHO OTHECTH CIIEIYIOIIHE MONOKCHHA,
BLIHOCHMBIE Ha 3aLUTY:

1. 3aKkoHOMEpPHOCTH BIMSHHS IIapaMeTpPOB  HABONOPOKMBAHMS  HA
COpOLUMOHHYIO CIOCOOHOCTh THTAHOBBIX CIUIABOB C PasAM4YHBIMH JICIHPYIOUIHMH
KOMILJIEKCAMH ¥ MUKPOCTPYKTYPaMH.

2. 3akOHOMEpPHOCTH BIMSHUS COJEPXKaHWs BOJOPOAA Ha IMapaMeTphl
MHKDPOCTPYKTYPBI U (H3HIECKO-MEXaHHYeCKHe CBOHCTBA 0~ U TICEB0-0 THTAHOBBIX
crutasos (ITT-7M, I1T-3B, BT1-0, 0T4-0).



3. 3aKOHOMEPHOCTH BIMSHHS HANPSHKEHHO-Ie(OPMUPOBAHHOTO COCTOSHHS
HaBONOPOXEHHBIX 00pasuoB u3 cnnasa I1T-7M Ha o6GpasoBaHme M XapakTep
pacnpeneneHus TUAPUIHON (asbl.

4. 3aKOHOMEPHOCTH BIIMAHHUS COLEPXKAHUS BOAOPONA B THTAHOBBIX CILIABAX

Ha rmapameTphbl PaclpoCTPaHeHUs YIIPYIHX BOJH.
YCTaHOBIICHHbIE aBTOPOM 3aKOHOMEPHOCTH H3MEHEHHMHl CTPYKTYpHI M buzuko-
MEXaHUYECKHX XapaKTePHUCTHK BHOCAT CYIECTBEHHBINH BKJIA] B PEIEHHE 3a/a4u
HHCTPYMEHTANbHOH OLCHKH TEKYLIEro COCTOSHUS M MPOrHO3MPOBAHUS CBOMCTB
TUTAHOBBIX CILIABOB, IOABEPIHYTHIX BOAOPOHOMY HACBIIICHHIO U3 paboueil cpejibl,
a MOJTYYEHHBIE SMITUPUYECKHE PE3YIILTATI PAOOTHI MOT'YT ObITh HCIIONB30BAHbI /11
MOZCNMPOBAHHA MpOLECCa HABOAOPOXKMBAHMS THTAHOBBIX KOHCTPYKLHMH ¥
JIeTpajalyy CIIyXeOHbIX XapaKTePHCTHK MAaTEPHANIOB C pasiMuHON HapaboTKOIl.

[IpakTHYeckas 3HAYUMOCTHL PaboTHI 3aKITIOYaETCS B paspabotke crnocoba
ONEPATHBHOTO ONpPE/ICICHUA KOHLEHTPAIWH BOJIOPOIA B THTAHOBBIX KOHCTPYKIIHSAX
ATt IPOTHO3UPOBAHHSA CTPYKTYPhI M (PU3MKO-MEXaHHYECKHX CBOIMCTB MaTepHaa.
PaspaboraHHbIH coco6 aKycTHUECKOro KOHTPOIS ¥ 3aperiCTPHPOBAHA nporpamma
IBM 17151 Ol€HKH HABOZOPOXKEHHOTO COCTOSHHS THTAHOBBIX CIJIABOB (ITarent Ha
usobperenne RU 2813467 «Crnocob6 onpeaenenns KOHLEHTPALHH BOOpO/JA B
TuTaHoBoM criase»; [Iporpamma nias O9BM RU 2023684632 «Ilporpamma mwis
OLCHKH CTENI€HM HABOJOPOXKUBAHHMS TUTAHOBBIX CIUIABOB  YJILTPA3BYKOBHIM
METOAOM» ).

Pexomenjanuu no Heno/ib30BaHHIO Pe3y/ibTATOB H BHIBOIOB
AHCCEPTAUHOHHOH PadoThI

[lonyyennsie B paboTe pesymbTaThl HCCIENOBAHMI, HANMpaBIEHHBIX Ha
paspaboTKy M BHEIPEHHE TEXHOJOTHH HEpa3pyIIarollel OLEHKH COXepIKAHMUS
BOJIOPOZA, OOECHEYHT MOBBILIEHHE YPOBHS G€30IIaCHOCTH W yBelIHUYEHHEe CPOKa
CITYKObI OTAENBbHBIX y3710B SIDY 3a cyeT NpoBeaeHns MepONpHSTHIA 10 YCTPaHEHHUIO
OOHapyXKEHHBIX OYaroB OXPYNYMBAHMS. B YacTHOCTH, MONTBEPIKICHHEM 3TOIO
ABJISETCA NPEACTABICHHBIA aKT BHEIAPEHUs B MNpakTHKy paborei AO «OKBM
AdpukaHToB».

Pesynbrarel nuccepraninoHHO#M pabOTBI TaKKe BHOCST 3HAYUTENbHBIN BKJIA
B MarepuajoBeJleHHEe THUTAHOBBIX CILUIABOB B 0OJIACTH €ro B3auMOJEHCTBUS C
BOJIOPOJIOM H pa3pabOTKH METO0B OLEHKH CTENIeHH HABOIOPAKHUBAHUS.

Ouenka cogep:kaHHA AUCCEPTALHH, €€ 3aBePIIEHHOCTH B 1eJIOM,
3aMeYaHus o o(popMJIeHHIO



CrpykTypa auccepranMoHHOH paboThl M ee OpOpPMIIEHHE COOTBETCTBYET
['OCT P 7.0.11-2011. Conepxxanue auccepTalMu H3JI0KeHO Ha 153 crpanunax,
conepxuT 102 pucyHnka, 19 Tabnun u cnucok nuteparypsl U3 179 HauMeHOBaHMIA.
BbiBoabI quccepTaliyM BO3HHMKAIOT M3 PE3y/IbTaTOB, MOJYYEHHBIX aBTOPOM, HX
JIOCTOBEPHOCTD HE BbI3bIBaET COMHEHHH. B 11esioMm, paboTta HOCHT GyH1aMeHTalIbHO-
NPUKJIQJIHON XapaKTep U MpPeACTaBIseT coO0H HEeNOCTHYIO 3aBepIeHHYIO paboTy.

CoorBercTBHE COAEPKAHHUSA AHCCEPTANHH HAYYHOH CIIEHAJILHOCTH

Coaepxanue 1uccepTaliHH COOTBETCTBYET CIEAYIONIMM MyHKTaM Macropra
CeHanbHOCTH 2.6.1 — «MeTannoBenenue 1 TepMudeckas 06paboTka METaNIOB U
CILJIABOB»:
nl.  «M3yyenune  B3aMMOCBS3M  XMMHYECKOTO M ()asoBOro  COCTAaBOB
(XapakTepu3yeMbIX pa3JIMYHBIMU THIAMM IHArpaMM, B TOM 4YHC/e JUarpaMMamy
COCTOSIHUA) ¢ (GHU3HYECKHMH, MEXaHHYeCKHMH, XHMHYECKHMH H JPYTHMH
CBOMCTBAMH CILJIABOBY;

n.2. «Teopernueckue M OKCHEpHMEHTAIbHbIE HCCIENOBAHMS (A30BBIX M
CTPYKTYPHBIX TpEBpallleHHH B MeTaulax M CIUlaBax, MNPOHCXOASIIUX I[IPH
pa3jIMYHBIX BHELIHHUX BO3JEHCTBUAX, BKIHOYAA TEXHOIOIMYECKHE BO3IECHCTBUSA, H
BIIMSIHME CBAapOYHOTO IHMKJIa Ha MeTa/ul 30Hbl TEPMUYECKOTO BIUAHHS, HX
MOJI€JIHPOBAHHE U IIPOTHO3HPOBAHUEY,

n.3. «TeopeTnyeckne M FKCIIEPUMEHTAIBHbIE HCCIIEA0BAHHS BIIMSHUS Pa3HOPOIHBIX
CTPYKTYp, B TOM YHC/I€ KOONEPATUBHOIO, Ha (QU3MYeCKHe, XHMHYECKHE,
MEXaHHYECKHE, TEXHOJIOIHYECKHE M DIKCIJIyaTallHOHHBIE CBOMCTBA METAJIOB H
CIIJIaBOB, X MOZEJIMPOBAHUE U IPOTHO3ZUPOBAHHEY,

n.7. «M3yyenne B3aMMOIEHCTBHS METANJIOB M CIIJIABOB C BHEIIHHMH CpelaMH B
YCIOBHAX  paboThl  pa3IM4HBIX  TEXHHYECKHX  YCTPOMCTB, OLEHKA M
MIPOrHO3HPOBAHHE Ha 3TOH OCHOBE pabOTOCMOCOOHOCTH METAIJIOB H CILIABOBY;
n.11. «Onpenenenne MeXaHU3MOB BIUSHUSA PA3TUIHBIX MEXAHHYECKUX, TENIOBbIX,
MarHUTHBIX M JPYTHX BHEIIHMX BO3IACHCTBUHM Ha CTPYKTYPHOE COCTOsSHUE
METAJIJIMYECKHX MaTepHalioB U pa3paboTka Ha 3TOW OCHOBE HOBBIX MPHUHIIUIIOB H
METOJAMK HMX HWCIBLITAHUN, O00eCcrneyuBaloUX HaJeKHOe TPOTHO3HPOBAHHE
paboTOCIOCOOHOCTH KOHCTPYKITHF».

Orpaciib HayKH — TeXHUYECKHe HayKH, TOCKOJIbKY JAUCCepTallMoHHas pabora
CONEPKUT HAy4YHO-TIPHKJIAIHBIE CBEICHHS O 3aKOHOMEPHOCTSX  BIMSIHUSA
HABOJIOPOXMBAHHS HA MUKPOCTPYKTYPY M (PHU3HKO-MeXaHHUYECKHE XapaKTePUCTHKH
THTAHOBBIX O- M IICEBJ0-0 CIUIABOB, a TAaKXe pa3paboTaH croco0 onepaTHBHOTO
Oonpejie/ieHHsl KOHLIEHTpPAlMM BOAOpPOAA B THTAHOBBIX KOHCTPYKUHAX IS
5@ PeKTHBHOrO MOHUTOPHHTA B YCIOBHUSIX KCIUTYaTAlHH U3EJIHH OTBETCTBEHHOTO
Ha3HAYEeHUS.



CooTBeTCTBHE aB'ropetbepa'ra OCHOBHBIM NMOJIOKEHHAM AHCCEPTALHH

Asropedepar  IONHOCTBIO ~ OTPaXaeT — CONEpXKAHHUE AWCCcepTaluyd |
COOTBETCTBYET €€ OCHOBHBIM IOJIOKCHUAM. CrpykTypa aBTOpe(epara U €ro
o(opMIIeHHE BBITIOJIHEHO B COOTBETCTBHH C 'OCT P 7.0.11-2011.

B kavecTBe 3aMedaHHil cjielyeT OTMETHTD Ciiedyromee:

1. JIuteparypHbIii 0030p B | r1aBe 10CTaTO4HO JeTaNbHbIN, IPH ITOM 3
[1aBa TaKKe MOCBAIIEHA aHalu3y COBPEMEHHOro COCTOSHHA ucclie/loBaHui B
o61aCTH B3aMMOIEHCTBHS THTAHA U €10 CIITABOB C BOLOPOIOM Ha OCHOBE U3BECTHDIX
ny6GnuKkauuii B 1o obnacty. M3 153 crpanun JAMCCEePTALMOHHOM padOThI ONIMCAHKE
JKCIIEPHMEHTAIIBHBIX HCCIIE0BaHNH 3aHMMAeT 76 cTpaHMIlL.

2 B I'mape 2 1oApOoGHO PACCMOTPEHBI SKCIEPUMEHTABHBIC METOAbLI
HABOJOPKHBAHUSA THTAHOBBIX CILIABOB. Astopom BbiOpan meron Cuseprca. Ha
4yeM OCHOBAaHBI BbHIOOp PEXMMOB HABOAOPAXKHBAHHMS HCCIICIYEMBIX 00pasLoB.;
«...npu Temneparypax 100, 300, 400, 500°C B Teuenue 30 MuHYT, a TaKxe 1,3, 1 5
yacos mpu Temmeparype 550°C. [laBnenue BOAOpoAa B KOHTeHHepe MpH ITOM
coctapisuio 0,1 MIla» ?

3. B 1.2 BBIBOJIOB K 5 IMlaBe JAUCCEepTAlMU He COBCEM MOHATHA bpaza «...
10 3HAUUTEHHO PEBBIIAET NOrPEIIHOCTh H3MEPEHHUS |, COOTBETCTBEHHO, MOKET
6BITh MCIIOIB30BAHO B 3a7a4ax OLEHKH CTeNeHH HABOAOPOKHBAHWA THTAHOBBIX
CIJIABOB». JTO TpeOyeT MOACHEHHUS.

4. [maBa 5 TocBsueHa pa3paboTke MeToJa OLEHKH  CTEMCHH
HABOJIOPOXKHBAHUA H clyXeOHbIX CBOMCTB Ha mNpuMepe CIljaBa BT1-0. B
JakmoueHrn paboTBl cooOLIaeTes «...MpoBeJcHA anpo0amus TPeIIoKEHHOTO
crocoba Ha THTaHOBBIX 0Opasuax u3 crinasos [1T-7M, [1T-3B, BT1-0 u OT4-0 ¢
npumenennemM HBK «ACTPOH» ¢ jaryukamu TMpOJAOJbHBIX, CIBMIOBBIX 1
MOBEPXHOCTHBIX BOMH». OnHako B TeKCTe JMcCepTaulit i aKTe BHEIPEHUs!
uH(bopManus 06 anpodaluy pa3paboTaHHOTO METOJA KOHTPOJIS Ha CIjIaBax 0T4-0,
[1T-7M u [IT-3B orcyTCTBYET.

5. B pa6ote ecTh One4aTku i HETOYHOCTH.

Jak/JI04YeHHE

JluccepraiuoHHas pabota Ps6osa JIMUTpust AjleKcaHApOoBHYa BbIIIOIHEHA HA
BHICOKOM HAy4HO-TEXHHYECKOM YPOBHE. Omna npeacTapnsieT coO0# 3aBEPIICHHYIO
Hay4YHO-KBaIH HHKALHOHHYIO paboTy, B KOTOpOH YCTAHOBIICHHBIC aBTOPOM
3aKOHOMEPHOCTH BIIMSIHUA TapameTpoB HABOJIOPAKMBAHUA HA  M3MCHCHHA
CTPYKTYpBI U (H3HKO-MEXaHHYECKUX XapaKTEPHCTHK THTAHOBBIX CIUIABOB BHOCHT
CyIIeCTBEHHBIH BKJIajJ B pelIeHHE 3a/1a4H MHCTPYMEHTATbHON OLEHKH TEKYyLIETO
COCTOSHMS ¥ [POTHO3UPOBAHMS CBOMCTB THTaHOBBIX CIIIABOB, MOABEPTHY THIX



BOZIOPOHOMY HACHIIEHWIO M3 pabodeill cpesibl, a MOJYyYEHHBIE 3MIUPUYECCKHE
pe3yibTarhl paboThl MOTYT OBITH HMCIOJB30BaHBI U MOJEIMPOBAHMS Ipolecca
HABOJOPOKHBAHHUSA THTAHOBBIX KOHCTPYKLIHMH M  Jerpajaluu  CIyKeOHBIX
XapaKTepUCTHK MaTepPHAJIOB C pa3IMYHON HapabOTKOM.

CnenanHble 3aMeYaHMs HE CHHIKAIOT MOJIOKHTEIbHOH OLEHKH paboThl.
BrIBOJIbI, CieaHHBIE B pa0oTe, HE BbI3bIBAIOT COMHEHHH B HX JIOCTOBEPHOCTH.

[To HayyHOMY YpOBHIO TMOJYYEHHBIX PE3yJbTaTOB, COIEPXAHHIO U
oopMIeHHIO TpeACcTaBleHHas IUcCepTalMoHHas padoTa yIOBIETBOPSET BCEM
tpeboBanusaM 1.n 9-14 TlonoxkeHHS O NPUCYKACHUM YUYEHBIX CTENEHEH,
yrBepxkaeHHBIX [locTanoBinenuem [IpaButensctBa PO ot 24 centabps 2013 roaa
Ne 842 (c mocnemyrolmuMu HM3MEHEHHUsSMU), a ee aBtop, Ps06os Jlmutpui
AJleKCaHIpOBUY, 3acly)KUBaeT TMPUCYKICHHS YYEHOW CTENEeHHM KaHauaaTa
TeXHHYECKHX HayK 10 Hay4yHOH crneuManbHocTH 2.6.1. MerannoBenenue Hu
TepMHUecKas 00paboTka MeTasIOB U CIJIaBOB.

JlucceprauvonHass pabora Psbopa JIMuTpus AnekcaHapoBHya Ha TeMmy

«PaszpaboTka MeTOa OLEHKH H3MEHEHHs CTPYKTYPbl M CBOMCTB O- H MCEBIO-O
THTAHOBBIX CILIABOB IIPH HABOJOPOXUBAHHH» W OT3bIB PACCMOTPEHbI M 00CYKIEHBI
Ha 3acenaHuu Kadenpsl «Marepuanosenenue u ¢usuka merannos» OI'bOY BO
«Y OUMCKHI YHHBEPCHTET HAyKH M TEXHOIOTHH», mpotokon Ne 3 or 13.11.2025 r.
Ha 3aceganuu npucyTcTBoBaso 48 yenoBek. Pe3ynbTarbl roocoBaHus: «3a» — 48,

npotus — (), Bo3nepxkanoce — 0.

[Tpogeccop kadenpsl /ﬂ
«MatepuanoBenenue u pusnka DW
metamos» @PI'BOY BO YVHuT, Cemenona WU.IT.

A.T.H.

OT3BIB cOCTaBUIIL:
n.1.H. CemenoBa Mpuna [lerpoBHa, mpodeccop kadenpsl MarepuanoseieHus u
¢usuxu meramnos PI'BOY BO «VduMcknii yHHBEPCUTET HAYKH K TEXHOIOTHI»

JloxTOopcKass — aMcceprands  3alquineHa mo  cnenuanbHoctH  05.16.01 -
MeraioBeieHre ¥ TepMUYecKas 00paboTKa METAIIJIOB U CILIABOB.

denepanbHOEe TOCYyIapcTBEHHOe OOuKeTHOe oOpasoBaTebHOE — YUpexJIeHue
BBICLIEr0 00pa3oBaHuUs «V(bHMCKH YHUBEPCHTET HAYKH 1 TEXHOJIOTHI»
[ToutoBeiit aapec: 450076, 63'151{1& ;;,@(EJICPEUILHBIH okpyr, Pecnybnuka
Bamkoprocras, . Ya, yu. 3

https://uust.ru

Ten..+7(347)229-9616, e-madl; 1

f aNUCH %é{’&)zw E;/_
FEN ,uocmunpm-o « o 7 2@5‘4{-

1 Hay@durik obwero otaen . 74 ——
G Fees eI~ ATZ




	61b707305ab2b65d911a6669c432da150460b327f6b4d71b754962bc23c35389.pdf
	ec7452dd043d7bb6ad72168df20dfb8b70bcc1d2ae5cbb9fbdafb290d6e36a41.pdf

