OT3bIB
Ha aBTopedepat auccepranun Kamranckoro IOpus IOpbeBuua Ha Temy: «Ilomyuenue
y3KO(PaKIIHOHHBIX CEPHUECKHUX MOPOIIKOB XapOIPOYHBIX CILTABOB HA OCHOBE
AJIFOMMHUA HAKETS U UX IPUMEHEHHE B TEXHOJIOTHH CEJIEKTUBHOTO JIA3EPHOT'O
CILIABJIEHUS », IIPEJCTABICHHYIO Ha COMCKAHUE YUCHOM CTeTeHN KaHAuIaTa TEXHIYECKIX
Hayk 110 crenuansHocTr 05.16.06 — IopomikoBas MeTatyprus U QyHKIIMOHATHHEIE
TIOKPBITUS

AKTyaJIbHOCTb BbIABHUIaeMoM Ha 3amuty pabotel Kamnmanckoro 10.1O. He BeI3BIBaeT
COMHEHHUS U OTpeeNseTcs] MOTPeOHOCTHIO MPOMBIIIIIEHHOCTH B pa3paboTke 3P PpeKTUBHBIX
crocob0B ToyydeHus: chepudeckux y3KO(PaKIMOHHBIX TOPOIIKOB W3 TMEPCIIEKTUBHBIX
JKApOIIPOYHBIX CILIABOB HAa OCHOBE ATIOMHUHHUAA HHUKEIS U TEXHOJIOTHYECKHX DPEKUMOB
Ja3€pHOr0 CHHTE3a TEIUIOHAIPYKEHHBIX JIeTallell TYpOWHHBIX YCTAHOBOK JUIS TTOBBIICHHUSI
UX yZIEIbHOH MOIIHOCTH U TEIIOBOH 3()()EeKTUBHOCTH, CHUIKEHHS BHIOPOCOB IMAPHUKOBBIX
rasos.

B xadecTBe 0CHOBHOr0O 00BEKTa UCCIICAOBAHMS 0OOCHOBAHO BBIOpAH YKapOMpPOUHBIH
ciaB NiAl-12Cr-6Co-0,25Hf, at. % (MapkupoBka CompoNiAl-M5-3), a takike moiydyeH
HOBBIM JK€JIe30COoAepXKAIMUN Kaponpoudblii cmaB  NipsFepsAlspCrigCos.  Chepuueckue
ITOPOIIKH YKa3aHHBIX CIUIABOB JUIL METOJOB CeIeKTUBHOTrO Ja3epHoro crutapienus (CJIC) u
ropsiuero usocratuueckoro npeccopanus (I'MI) ObuM MOTYyYEHBI IO ABYM MPEIIOKESHHBIM
TEXHOJIOIMYECKAM CXEMaM, OJHAa M3 KOTOphIX BKIIOYala B ce0sS: MEXaHHYECKOe
axTHBHpoBaHKe (MA) u camopacnpocTpaHsIONUiics BeICOKOTeMIepaTypublid cuntes (CBC)
U3 DJIEMEHTOB C IIOJIY4YE€HHUEM IIOPUCTBIX CIIEKOB, X MEepepabOTKy 0 COCTOSHHS MOPOIIKA
nenenoi (20-45 MxM) (ppakiuy U MOCIEIYIONIYIO [UIA3MEHHYIO CEepOHIH3aIHIo; Apyrast —
nentpobexnoe CBC- nuThe momypaOpHKaToB W3 OKCHIHOTO CBIPBS, BaKyyMHBIH
uaaykionne  nepemwtas  (BUID) murerx CBC-  monydabpukaToB ¢ OTIMBKOM
JUIMHHOMEDPHBIX ~ 9JIEKTPOJIOB B  CTaJbHOM TpyOe U MOCIHCAyIOINEe IIJIa3MEHHOE
nenrpodexHoe pacnbuieHue (II1[P) snextpomos. ITo BTOpO TEXHONOTHM 3a OAMH ILHUKII
IOJay9Yaad  JBa  THNA  CQEpUUECKHX  MOPOMIKOB  (KOMITO3HIHOHHBIE  COCTaBa
NipsFexsAl3CrigCos 1 maTepMeTaiudeckue w3 CompoNiAl-M5-3) mucnepeHoctsio 10 180
MKM, KOTOPBIE Pa3JeIsIl METOA0OM MarHUTHOM Celrapaluy.

B pabGore mpencraBieHsl pe3ynbTaThl MO pa3paboTKe TEXHOJOTMYECKOTO PEKHMA
IpoIecca Ja3epHOro CHHTe3a MOJENIed pOTOPHOM JIOMaTKH TYpOHMHEI BHLICOKOTO JaBJICHHS
IPH HKCIOJIB30BaHMH CHEPOHIU3UPOBAHHOIO MuKpomopomka ciiaBa CompoNiAl-M35-3.
Hadinensr ontumanenble mapamerpsl CJIC  obecreuuBarolie  BOCIIPOM3BOIAMMOE
MIOCTPOCHHE MOJIENICH POTOPHOH JIONATKH TYpOWHBI C YPOBHEM OCTAaTOYHOM IMOPHCTOCTH
0,94 + 0,30 %, OTCYTCTBHEM MHKPOTPEIIHH W MIEPOXOBATOCTHIO MOBEPXHOCTH MO Ra
nopsika 7 MKM, 4YTO OBUIO CHENAHO BIEPBBIC MPH HCHONB30BAHUM  XPYIKHX
HHTEPMETAJUTHYCCKUX CIulaBoB. [lokazaHo, uTo raszocrarmueckas mocrobpaborka CJIC-
JeTaliedl crnocoOCTByeT yMeHbIIeHHIo mopuctoctd go 0,25 + 0,08 % u npuBomur K
TOBBILEHUIO paboyed TemnepaTypsl Ha 80-85 °C OTHOCHTENLHO MCXOIHOTO COCTOSHUS U
['UII- obpasuos. Takum o6pazom Ha mnpumepe cmiaa CompoNiAl-MS5-3 moxazana
nepcnekTHBa npuMeHeHus  TexHojorud CJIC s TPOMBIIIIEHHOTO  OCBOEHMS
YKapOIIPOYHBIX HHTEPMETATHUECKUX CILIABOB.

B paboTte ¢ mpUMeHEHHEM ITepeIOBBIX METOIOB MCCIIE0BAHMI H3yYeHa B3aUMOCBA3b
MEXIY TEXHOJOTHEH ITOJyYEHHs], COCTABOM, MHKPOCTPYKTYPOH U TEPMOMEXAHHUECKUMM
CBOMCTBAMH HCCJIEyeMBIX cIUIaBoB. Ilo pesympTataM CTPYKTYPHBIX HCCICHOBAHMH H
UCTIBITaHUHA II0y4€HHBIX MaTEPUAIOB HA BRICOKOTEMIIEPATYPHYIO MOJI3YYECTh YCTAHOBIIEHA
ux paboyas Temueparypa ¥ OOOCHOBAHBI JCUCTBYIOLIME MEXAHHM3MBI BS3KOILIACTHYECKON
nedopmanum.

Haydnas 3HauuMOCTh JAHHOM pabOTHI 3aKIIOYACTCS B YCTAHOBICHHOM d(dexTe
MIOBBIIIEHUS CONPOTHBIIEHUS noi3ydecTd B uHTepBase 773-1073 K, nBykpaTHOTrO pocta



MoKasaresiel IIAaCTHYHOCTH M MPOYHOCTH MPH KOMHATHOHM TeMIlepaType IIPH MepeXoie OT
JUTEHRHBIX TexHoJorui monmydenus cruiaBa CompoNiAl-M5-3 xk 'MIT y3xodpakiimoHHBIX
ceprudecKuX IMOPOIIKOB B pe3yjbTaTe YMEHBIICHUS Ha IOPSAOK pa3Mepa 3€peH H
GOpMHUPOBAHUS HEpPapXHUECKO MHOTOYPOBHEBOM CTPYKTYpBl €  YHOPAJIOYEHHBLIM
pacrpeieieHiHeM yIpouHsoIuX BbiieieHuil o-Cr B marpune u ¢assl I'eifciepa coctaBa
Ni,AIHf Bgomp Mex3epeHHBIX TpaHUIl. BhICOKHI ypOBEHb MEXaHMYECKHX CBOWCTB aBTOP
CBA3BIBAET ¢ (DOPMHPOBAHHEM HepapXHUeCKod CTPyKTypoil: 1# ypoBeHb — 3epHa NiAl
pasmepoM MeHee 40 MKM ¢ HEKOTEPEHTHBIMH MHKpPOHHBIMH dYacTullamMu o-Cr BHOJb
MEX3EPEHHBIX I'paHuIl; 2i — yupoursronue cyomMukponnbie actuibl o-Cr, Hf n Ni; AIHf
BHYTpH 3epeH NiAl; 3if — cyO3epHa ¢ KOTepeHTHBIMU HaHOBBLAENEHUAMH 0o-Cr quaMeTpoM
MeHee 45 HM, YTO TIOJITBEPIKIACTCS pe3yIbTaTaMU KOMIUIEKCHOTO UCCIIEOBAHUS CTPYKTYPBI
¥ MEXaHWYECKUX CBOHCTB.

C mnomomplo in-situ METOJOB IIPOCBEYUBAIOLIEH IEKTPOHHOH MHMKPOCKOIIMU
aBTOPOM BIIEpPBBIE MOKa3aHa CTaIUHHOCTL 00pa3oBaHUs KOTepeHTHBIE BbIeNeHUN a-Cr 1Mo
nByM MexaHuzMam: (1) romoreHHas Hykieamus W poct 30H ['uHbe-Ilpecrona u3
MEPECHIIIEHHOTO TBEPAOTrO PAacTBOpa MyTeM CHUHOJATBHOTO pacraja TBEpAOro pacTBopa B
uHTepBane Ttemmeparyp 250-450 °C; (2) rereporeHHas HyKJIealmuss M pOCT
HaHOKPHUCTAJUINTOB Ha AUCIIOKAIMOHHBIX NETIsIX B uHTepBasie 750 — 850°C.

Ocoboe wuHTepec BbBI3BIBACT OOOCHOBAaHHE JIOMHHAHTHOW pPOJM MeXaHH3Ma
JIOKANBHOTO TIOmbeMa muciokamuilt a/2[111] Haj BBICOKOTMCIIEPCHBIMH KOTEPEHTHBIMH
BpIIeTIeHUsIME  M30bITouHON  a-Fe(Cr) daser mpu  gedopmamuut  MONM3ydecTH  CILiaBa
Nip7Fe 6Al3,Cr1gCog, 4TO BEI3BIBAET IMOPOIOBBIC HANpsDKEHUS B uHTepBajie 873-1073 K, a
TaK)X€  IPEUIOKEHHAas  PETPECCHOHHAs  MOJEIh  IOJ3YYECTH,  IO3BOJISIOLIAS
CIPOTHO3UPOBATH CKOPOCTH JeOpPMALIUU U PabOUYIO TeMIIepaTypy CIUIaBa B 3aBUCHMOCTH
OT IPUJIOKEHHOTO HATIPSKCHUS.

IIpakTHdeckas 3Ha4YUMOCTH pabOThl 3aKiro4yaeTcs B pazpaboTaHHOM criocofe
IOJy4eHUs  y3KO(QPAKIMOHHBIX  CPEPHYECKHX  TIOPOIIKOB  PErTaMEeHTHPOBAHHOTO
(paxknuOHHOrO cocTaBa M3 XKapOIPOYHBIX HEPAPXUUECKU-CTPYKTYPUPOBAHHBIX CILIABOB HA
OCHOBE QIIOMHMHHMJIA HHKENs, B TOJXy4eHHH HoOBoro cmiaBa NiysFeysAlsCrigCos
JCIIEPCHOHHO-TBEPCIONIET0 THIA JUIS OTBETCTBEHHBIX JeTaled MapoBBIX TYpPOWHHBIX
ycTaHoBOK ¢ nosbimeHHoM Ha 200 K paboueit temmeparypoit (700 K mpu marpyske 100
MIIa) no cpaBHEHHUIO € XapONPOYHBIMH MapTeHCHTHBIMH 9-12 %Cr cramsimu X22CrMoV
12 1T u X18CrMoVNDBB 91, a Taxke B pa3pabOTaHHBIX TEXHOJOTHYECKHX IapaMeTpax
nponecca CJIC, obecrnedynBaromux BOCIPOM3BOAMMOE IMOCTPOCHHUE CI0KHONPOQDIIBLHBIX
MOJIeJIE POTOPHOM JIONAaTKH TYpOMHEI BHICOKOTO JaBieHus u3 ciuiaBa CompoNiAl-MS5-3 ¢
MHHHMAJIBHON OCTaTOYHON MOPUCTOCTHIO U OTCYTCTBHEM MUKPOTPEIIIHH.

Marepuansl JuUCCepTalliU IIpeACTaBICHB Ha MEXIYHApOJHBIX KOH(EpEeHIHUsX,
OIyOJIMKOBaHBI B HAYUYHBIX J)KypHaJax, pekoMeHaoBaHHBIX BAK 1 BXomsmux B 6a3sr Scopus
u Web of Science. Ilo pesympraTam wuccieqoBaHHN IOJAYYeH OJWH IIATEHT H
3apETUCTPUPOBAHO OJHO HOY-Xay, JBE TEXHOJOTHUECKUX HHCTPYKIMH M JIOHH TEXHUYECKHE
YCIOBHSA, 4YTO IIOATBEPXKJAaeT aKTyaJbHOCTh, HAyYHYIO HOBH3HY H MPAKTHUYECKYIO
3HaYMMOCTb JHCCEPTAIMOHHON pabOTHL

ITo aBTOpedepary nmeeTcs crenyromniee 3aMeYaHus ¥ BOIPOCH:

1. Bputo GBI MHTEPECHO MPOBECTH MCIBITAHMS Ha PACTsDKCHHE UCCIIESAYEMOro CILiaBa
nociyie 'MIT u CJIC npu Temnepatype 800-900 K.

2. C Kaxo# 1enpko B padoTe MPUMEHSIIOCH JIBE TEXHOJIOTHH TIOJIYUeHUs chepruecKux
HOPOILUKOB,

3. MHorue uccrnefoBaTed 0TMEYAIOT, 4T0 Majble kKonndectsa TIIY da3 oka3siBatroT
BpEHOE BIIMSHUE Ha CBOHCTBa cIiaBOB. Kak MOXHO OOBSCHUTH YTBEP)KIEHHE aBTOPA O
TOM, 4YTO TepMuUeckas oOpaboTka jxapompounoro cmiaBa NiprFeysAlz;nCrigCos
YBEIIMYHBACT [JIACTHYHOCTD ... B pe3yibTare ... obpazoBanus yactuil TIIY o-FeCr ¢a3s! o
rpaHuIaM 3epeH?



VKa3aHHbIE 3aMeYanys He CHHYKAIOT IIEHHOCTh padoThl. o akTyanbHOCTH, HAyYHOU
U IPaKTAYECKOM  3HAYAMOCTH  IIONYYEHHBIX  pE3YJBTAaTOB,  IOATBEPIKICHHOU
3aperuCTPUPOBAHHBIME IIATEHTaMH M 0a3aMH JaHHBIX, ITOJIHOTE HMX OCBENICHHOCTH Ha
MeskyHapoHEIX KOHQPEPEHIMAX ¥ B HAy4YHBIX CTaThsX, AUCCEPTAallMOHHAs padoTa
«[Tonyuenrne y3KkOMPaKIHOHHBIX C(EepHYECKUX MOPOIIKOB >XAPOIPOUYHBIX CILIABOB Ha
OCHOBE IIOMUHHJA HUKEIS M UX MPUMEHEHHE B TEXHOJIOTHMH CEJEKTHBHOIO JIa3¢pHOIO
CIUTABJIEHUS» IIOJHOCTBIO  yJIOBJIeTBOpsier TpebGoBaHusaM Ilosioxenus o mopsake
IpHCYKIeHHs ydeHbIX creneneii (Ne842 ot 24.09.2013 r.), a ee aBTop — Kammanckwuii IOpuit
IOpbeBuY 3aciayXuBaeT MPHCYXKICHUS YUYEHOH CTENEeHM KaHJIuIaTa TEXHHYCCKHX HayK IO
cnenuanbEocTH 05.16.06 — [TopomkoBas MeTaLTyprus ¥ pyHKIUOHAIBHBIE IOKPEITHS.

DemepaibHOe  TOCYAApPCTBEHHOE OIOMKETHOE 00pa30BaTENILHOE YYPEIKICHUE BBICIICTO
obpazoBanust « CHOUPCKHIA TOCYIapCTBEHHBIA HHAYCTPHAILHBIA YHHBEPCUTET»

3aB. kadeapoil eCTeCTBEHHOHAYYHBIX TUCLUILIMH
uMm. 1npodeccopa B.M. @unkens, a.¢p.—M.H.

(cnenuabHOCTh 01.04.07 - ¢duznka
KOHJICHCHPOBAHHOTO COCTOSIHUSA), ITpodeccop,
3acnyxeHHbId Jestens Haykn P®, Jlaypear /f

npemun [IpaBurensctea PO B o01actu j,f’ A

HAayKd U TCXHUKH,

Jlaypeat npemuu PAH nm. W.I1. bapauna Py ‘ 1 I'pomoB
21.05.2018 (j L,a A1 | Bukrop EBrenneBuy
K.r.un.  (cmemumameHocth  01.04.07 —  dwuzuka

KOHJICHCHPOBAHHOTO COCTOSIHUSI ), JOIEHT,

Jouent kadenpsl €CTECTBEHHOHAYYHBIX

JUCIUTUIAH

uM. podeccopa B.M. Ounkens Hesckwuit
21.05.2018 Cepreit AnapeeBry

[Tonmucu B.E. I'poMoBa u
C.A. HeBckoro ynoctoBepsito
Havanesauk OK ®I'60Y BO «Cubl UV »

Muponosa
TarpsiHa AHaTOJILEBHA

Anpec: 654007, r. HoBoky3nenk;, yii.-Kuposa. 42, Cubl'Y, xad. ecTecTBEeHHOHAYYHBIX
quciiine  uM. pod. B.M. Ounkerns. Tenedon (3843) 46-22-77, daxc (3843) 46-57-92,
E-mail gromov@physics.sibsiu.ru, snevskiy@bk.ru

Jlaem cBoe cormacme Ha 00paOOTKYy INE€PCOHATBHBIX MAHHBIX M BKJIIOYEHHE HX B
arrectanorHoe aeno Kammanckoro FOpus KOpsenua



