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O HampaBneHHH OT3bIBa Ha aBTOpEedepaT

Hampasisiem ot13b1B Ha aBtopedepar auccepranuud CenropuHoit XA,
«llomyuenue ceprdecKux MOPOIIKOB U3 CIUIABOB HA OCHOBE AIFOMHMHU/IA HUKETIS
NiAl nns agMTHBHBIX TEXHOJOTHI», MPEICTABICHHON HA COHMCKAHHE YYEHOM
CTEIIEHM KaHAWJIaTa TEXHUYECKHX Hayk 1o coemuanbHoctd 05.16.06 —

HOpOIIIKOBa}I MCTAJUTYPrusd U1 KOMIIO3UMIIHMOHHBIC MaTCPHUAJIbI.

ITpunoxenue:

1. Ot3b1B Ha aBTOpE(EpaT HA 2 11. B 2 IK3.

I'eHepanbHbIi TUPEKTOP B.IO. Uynaes
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(342) 263-15-76
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OT3bIB
Ha aBropedepar auccepraiuu CenropuHoii XK. A.

«ITomyuenue cepraecKkix MOPOIIKOB U3 CIUTABOB HA OCHOBE ATFOMUHU/IA HUKEIIS
NiAl i aigUTUBHBIX TEXHOJIOTHIA», MPEACTABICHHON HA COUCKAHNE YICHOM
CTETICHU KaH\/1aTa TEXHMYECKUX HAYK 0 CTICIUATLHOCTH
05.16.06 — [1opomkoBast METALTYPrUs ¥ KOMITO3UIIMOHHBIE MATEPUAIIBI

Huccepramms CentropuHoit K.A. TIOCBSIIEHA TIOJNYYEHHIO CPEpUUECKHUX
IIOPOIIKOB  33[JaHHOr0 T'PaHyJIOMETPUYECKOr0 COCTaBa W3 KAPONPOUYHBIX U
KAPOCTOMKMX MAarepuajoB HA OCHOBE UHTepMeTaUga Hukens NiAl ans
WCTIOJIb30BAHUS B aiqUTUBHBIX 3d-TexHonorusx. Pabora sBnsercs akTyaabHOH, 4TO
MIOATBEPKAAETCS Bee 0oee MUPOKAM MPUMEHEHUEM a1 TUTUBHBIX TEXHOJIOT U IS
IIONYYEHUsT 3aroTOBOK Jetayneil Ommskoil k TpeGyemoil (¢opme. ABTOpOM
WCCIICIOBAHO BJIMSHUE JIETUPYIOINMX DJEMEHTOB HAa CTPYKTYpPY M CBOICTBa
MHTEPMETAJUIMIHBIX CIUIABOB, MPEIJIOKEH MEXAHU3M PACTBOPEHMS BKIOUCHWA HA
OocHOBE xpoma B marpuile NiAl. BaxusiM gBIS€TCA NMPaKTAYECKas 3HAYUMOCTH
paboTel — pa3paboTaH cHoco0 MOJTYYEHHS JJEKTPOJOB W3 CIUIABOB HA OCHOBE
AMOMUHUAA HUKENd JJIS  LEHTPOOEKHOr0  PACHbUICHHUS, IOJTBEPXKICHO
COOTBETCTBUE MOYYEHHBIX IPaHyJ TpeOOBAHUSIM aJIUTUBHOTO MTPOU3BOICTBA.

[Ipu BeIONHEHMM paboOTBl MPOBEACHBI KOMILUIEKCHBIE —HCCIIECTOBAHUS
(a3oBOro cocraBa ¥ MHUKPOCTPYKTYpPHl TOJYYEHHBIX CIUIAaBOB M TpaHyd C
HCTOJIb30BAHAEM COBPEMEHHOIO 000pYIOBaHMS, PE3YJbTAThl IUCCEPTALMOHHOMN
paboThl B TOJNHOW Mepe W3JIOKEHBI B PEICH3UPYEMBIX HAyYHBIX W3[AHUAX H
JOKJIaABIBAIACh Ha BCEPOCCUMCKHX U MEXKTYHAPOIHBIX KOH(EPEHIIUSX.

Asropedepar HanMCaH TPAMOTHBIM HAy4YHBIM s3BIKOM. B kawectse
HEJIOCTATKA CIeyeT OTMETHTh OTCYTCTBHE XapaKTEPHCTHK HAHOIIOPOIIKA JHOKCH/IA
LIUPKOHMS, HCMOJb30BAaHHOrO B pabore. Takke XO0Tenoch Obl YTOYHHUTH, Kak
OIpeeIsUIM TeMIieparypy ropenus cmeceit mpu CBC.

B nenom mnpexacraBneHHas B aBTopedepare auccepraipioHsHas pabota
MIPEACTABISIET COO0M 3aKOHYEHHYIO HAYYHO-UCCIEI0BATENbCKYI0 paboTy, BHIBOIBI U
pe3yabTarhl KOTOPO WMMEIOT KaK HAy4yHYI0, TaK U MPAKTUYECKYHO 3HAYUMOCTb.



PaGora coorBercTByeT TpeGoBaHmAM [loNOKeHMS O MPHUCYKICHHM YYEHBIX
CTEIEHEH, YTBEPXKACHHBIM mocTaHoBlIeHHEM [IpaBurenbctBa P ot 24 ceHTA0ps
2013r. Ne842, u comepXuT HOBBIE HAyYHO OOOCHOBAHHBIE TEXHOJIOIMYECKUE
pemenuss ¥ paspaborku. Ilostomy couckarems XK. A. CeHTIOpHMHA 3aCIyKHBAeT
IPUCYKACHUS YYEHOM CTETIEHN KaHAWAATa TEXHWYECKHX HAyK IO CIIEIHAIbHOCTH
05.16.06 — ITopomkoBast METALTYPrus ¥ KOMITO3UIIMOHHbBIE MATEPHAJIBL.

IloptHOBa Exarepuna Hukonaesna

HIDKEHEP-XUMUK 1 Kareropum oTena MaTepruaioBeIeHUS e
OAOQO «Ypaubckuii Hay9YHO-HCCIIEA0BATEIbCKUIA HHCTUTYT / of-
KOMITO3ULIMOHHBIX MATEPHUATIOB)

614014, r. ITlepms, yn. HoBo3psrunckas 1.57

Tel. (342) 263-15-60

e-mail: uniikkm@yandex.ru
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OT3bIB
Ha aBTopedepar quccepraupn CenTiopuHON JKaHHbI AJICKCaHIPOBHBI HA TEMY
«ITomydenue chepraUeCKUX MOPONKOB U3 CIUIABOB Ha OCHOBE AIFOMUHH/IA HUKEIIL NiAl s
AJIMTABHBIX TEXHOJIOTHIAY, IIPEICTABICHHOM HA COMCKAaHUE YYCHOU CTECIICHU KaHauara
TeXHUYIeCKUX HayK 110 crenuansaocTd 05.16.06 — ITopomkosas METAILIyprHs 1

KOMIIO3UIIMOHHBIC MaTCpUaJIbl

Tuccepramuonnas padora Centropunont JK.A. HOCB;ImeHa CO3JIaHHI0 WHTETPAILHON
TeXHOJOTUH IOy YeH s OPONIKOB NPABHIBHOM ceprueckoi HopMel U periaMeHTHPOBaHHOM
3ePHMCTOCTH W3 HOBBIX JKAaPOIPOYHBIX W JKAPOCTOMKHX MATEpUaoB HA  OCHOBE
uHTepMeTaTiaa NiAl st HCIOIB30BaHMS B aUIMTUBHBIX 3D — TEXHONOTHAX. Jlnst pemenust
TMOCTABIICHHOM 3aJaul aBTOPOM MPEUIOKCHA OPUTMHANBHAS TPEXCTYHCHHaTas TEXHOIOTHA,
BKJTIOYAIONMAs B cebs moydeHHe moiydabpukara CIUlaBa METOIOM LEHTPOOEKHOH CBC-
METJIYprit, €r0 MOCICIYIOMUH HHIYKIMOHHBIA HEperiaB U IIasMEHHOe IeHTPoOexKHOE
pacmbUIeHHE IPYTKOBOM 3aTrOTOBKH.

AKTyasHOCTh pabOTEI nozﬁBepmaeTcﬂ ee BHMONHeHMeM B pamkax O@LII u
XO3JI0TOBOpPa €  BEAYIIUM  MAaTEPHAIOBCIYCCKAM  MPEIPUATHEM ['ocymapcTBEHHOR
KOPIIOPAIMH 110 KOCMHYECKOH NEeITEIIEHOCTH "Pockocmoc".

ABTOpOM mpojienana Goibluasi, KOMILIEKCHAs paboTa IO HCCIEIOBAHMUIO (bazoBoro
cocTaBa, CIPYKTYphl M CBOMCTB HOBBIX CINIaBoB Ha ocHoBe NIAl Ha Beex oramax
IPEVIOKEHHOM  TEXHOJOTHYCCKOH  LICTIOYKH. Hauboilee  BaxXHBIE  PE3yJIbTAThI
JIACCEPTAIIMOHHON PabOThl, HECOMHEHHO, MPEICTaBIIAIOT HaquYIO HOBH3HY. B pesynbrare

IIPOBEACHHBIX I/ICCJIelIOBaHI/Iﬁ pa3pa60TaHI>1 METOJHKA U JIa60paTOpHLH71 peramaMeHT Ha Iponecc

NO 0015475



HOJIy4EeHUs DKCIEPHMMEHTAIBHBIX 00pa3IoB rpaHysl Ha OCHOBe amoMuHHAa Hukens. B OAO
«KoMIo3uT»  OCyIlecTBIeHa ampodanus pa3padOTaHHOW TEXHOJOTHMM M IOJIYyYEHBI
cepruyeckne TpaHyNbl, CBOWCTBA KOTOPBIX YIOBJIETBOPSIOT TPeOOBAHUSAM TEXHOJIOTHM
TpaHyJIbHOM METAJUTYPIHH U aJJUTUBHOTO IPOU3BOJICTBA.

B kadectBe HemocraTka paboOTHI CleIyeT OTMETHTh, YTO B TEKCTe aBTopedepara
JICCEpTAllid  OTCYTCTBYEeT OOOCHOBaHHE COCTAaBOB MHOIOKOMIIOHEHTHBIX  CIIJIaBOB,
BBIOpaHHBIX B KadecTBe OOBEKTOB wuccienoBanus. OJHAKO 3TO HE CHIDKaeT oOmen
TIOJIOXKATEIILHOU OIICHKH M HE IOJBEpraeT COMHEHHIO aKTyadbHOCTh paboThHI, €€ HAydHYIO H
IPUKIIAHYIO IEHHOCTb.

Pe3ynpTaThl AECCEPTAIMOHHON PabOTHI OTPaKEHBI B 4-X CTAThsIX, OIyOJMKOBAHHBIX B
peleH3upyeMbIX KypHanax u3 nepeudss BAK, a Taxxe noknaasiBanuch Ha Poccuiickux u
Mexc/:(yHapoz[HLix HAYYHBIX KOH(QEPEHIIHSAX, B TOM YHUCIIE U 32 pyOem oM.

Huccepranonnas pabora CentiopuHoit X.A. sBIseTcs 3aBEpIICHHOM HAy4HO-
HCCIIeIOBATENbCKOM pabOTOH, BHIIIOJIHEHA Ha BBICOKOM HAayYHO-HCCIIEI0BATEIBLCKOM YPOBHE U
cooTBeTcTBYeT TpeboBaHusM 1. 9 «llomoxeHNsT O UPHUCYXKIEHHUH YUYEHBIX CTENeHeH»,
OperbsIBISEMbIX K KaHIWOATCKUM  JuccepTanusiv, a aBTop, Cenriopuna JKanHa
ArnexcaHIpOBHA, 3aCITy’)KHBACT NMPHUCYXICHUS YYCHOH CTENEHU KaHAMJATa TEXHUYECKHUX HayK

no crienuanbHOocTH 05.16.06 — ITopormkoBast METAJLTyprusi 1 KOMIIO3ULIMOHHBIE MATEPHAIIBI.

['eHepanbHBIN KOHCTPYKTOP

/ 1
[767 };& Cwmupnos 1.A.

«KBxumman um. A.M. Ucaesay, k.Glu

03 HOs16pst 2016 T.

CmupnoB Urops AsekcaHapoBHY

Kanmgunar ¢usnko-MareMaTHYeCKUX | Hayk, crnenuaibHOCTh 01.04.07 — «®Pu3uka KOHICHCH-
POBAHHOTO COCTOSIHUS), | eHepabHbI KOHCTPYKTOP «KOHCTPYKTOPCKOro OI0OPO XMMHYECKOTIO
MarmrHOCTpoeHus uMeH: A.M. Hcaesay ¢pummana OI'YII «'KHIIL] um. M.B. XpyHuuesay.
Anpec: 141070, Poccust, MockoBckas 00i1., r. Koponés, yn. boromosnosa, a. 12.

tenedon: (499) 678-83-34, 678-83-01, 678-83-74

e-mail: kbhimmash@korolev-net.ru



OT136IB
Ha aBTopedepar auccepranuu Centropunoit XKanuel AnexcanapoBHsl: “Tlomyue-
HUE chepryecKrX MOPOIIKOB U3 CIUTABOB HA OCHOBE alfoMuHaaa Hukes NiAl mis
aJIUTUBHBIX TEXHOJIOTUN , IPEJCTABIEHHON Ha COMCKaHUE YUEHOU CTEIIeHU KaH-
qUJiaTa TEXHUYECKUX HaykK 1o cnenuaibHocT 05.16.06 — [MopomikoBas meTamiyp-
I'¥isl 1 KOMIIO3UL[MOHHBIE MaTepHabl.

CoznaHue cpelcTB JesTeNbHOCTH YelioBeKa TpeOyeT BO MHOTHX OTpaciisix, B
YaCTHOCTH, B aBHAIIMOHHOW M PaKeTHOKOCMHYECKOH, TIPUMEHEHUS JIETKOBECHBIX
BBICOKOTEMIICPATyPHBIX KOHCTPYKIIMIOHHBIX MAaTepHaIOB, K KOTOPBIM OTHOCSITCS
UHTEpPMETAUIUABl U ciyiaBbl Ha ocHOBe NiAl. K mepcrneKTUBHBIM TEXHOJIOTHUSIM
NOJIyUeHMs TAaKUX MaTepuajoB OTHOCUTCS meHTpobexHas CBC- metamtyprus, rjie
JUIsl CUHTE3a JIUTBIX MaTepHaJIOB HCIOJIb3YIOTCS BBICOKO3K30TEPMHUYHBIE CMECH
TIOPOIITIKOB OKCHIOB META/NIOB C BoccraHoBuTeneM. [loaTomy pabory ciiemyert
[pU3HATh aKTyaJlbHOM, YTO TMOATBEPXKACHO BBHIMOJIHEHHEM €€ B COOTBETCTBHH C
TEMaTUYECKUMHU TJIaHAMH W3BECTHOI'O B CTpaHe U 3a pybexxoM HamumonanbHOro
UCCIIEIOBATENBCKOr0 TeXHONOrndeckoro yuuepcutera “MUCuC”.

B pabote aBropom Centiopuna XK. A. n3ydeHbl 0COOEHHOCTH (a30- U CTPYK-
TypooOpa3zoBanus HOBBIX ciiaBoB Ha ocHOBe NiAl cucrem NiAl-Cr-Co-Hf, NiAl-
Cr-Co-Hf-B u NiAl-Mo-Cr-B-Mn-Hf, nony4ueHHBIX MO0 TEXHOJIOTUH LEHTPOOEeK-
Hoii CBC- meramtypruu. McenenoBaHbl 3aBUCUMOCTH CTPYKTYpPbl U CBOMCTB HH-
TepMeTaTUAHBIX ciiaBoB cucteMbl NiAl-Cr- Co-Hf ot cooTHomeHnus nerupyto-
mux 35eMeHToB Cr/Co npu uX HEM3MEHHOM CyMMapHOM cojepkanuu 18 %. Mc-
CJIeIOBaHbI 3BOJIIONNHU (Da30BOr0 COCTaBa, MUKPOCTPYKTYPbI M CBOMCTB CILIABOB Ha
OCHOBE JIAHHBIX CHUCTEM Iocjie HHAyKInoHHoro neperiasa CBC- nonydabpukara.
BrinosHeH aHaiu3 BIUSHUS TEXHOJIOTHYECKUX NTApaMeTPOB IJIA3MEHHOI'O LIEHTPO-
0e’XHOTr0 paclblIeHUS Ha IPaHyJIOMETPUYECKUH COCTaB U MUKPOCTPYKTYpPY IMOIYy-
4aeMbIX MOPOIIKOB. [Ipou3Be/leHbl WCHBITAHUS MOJMYYEHHBIX I'PaHyJl, BKJIIOYarO-
[[1€ UCCIIEIOBAHUS COCTaBa, CTPYKTYPHI U TEXHOJIOTMUECKUX CBOWCTB IpaHyI.

B pesynsrate uccnemoBanuii CentropuHod JK.A. yCTaHOBJIEH 3KCTpEeMaJlb-
HBIW XapakTep 3aBUCHMOCTH Ipejielia MMPOYHOCTH MPH CHKATUU OT COOTHOILICHUS
Cr/Co B CBC- cmnasax Ha ocHOBe cucTembl NiAl-Cr-Co-Hf npu ux cymmapuom
comepxaHun 18 %, MpOSBISIONIMIACS B TOM, YTO MPU YBEIUYEHUU COOTHOILIECHUS
Cr/Co B ctuaBe ot 0,5 mo 2 HabmogaeTcs pocT npejesia MPOYHOCTH 3a CUET BblJe-
JeHus B MHTepMeTaTuaHoN MaTpuie NiAl ynpodnsromieit nucrnepcHoi da3bl Ha
OCHOBE XpoMma; JajbHeHIllee yBEeIUUEeHUEe WX COOTHOWIEHWS A0 3,5 NMPUBOAUT K
YMEHBIICHHUIO TIpe/iea MPOYHOCTH, YTO 00YCIOBIEHO (POPMUPOBAHUEM TOJICTHIX
Pa3yIMpOYHSIOMIUX XPOMOBBIX MPOCIOEK Ha T'PaHUIE MHTEPMETAJLIMIHBIX 3EPEH.
MeronoM npocBeYHBaIOLIei 3MEKTPOHHOU MUKPOCKOIMH BBICOKOI'O Pa3pelleHus
aBTOPOM BBISIBIICHBI CTPYKTypHBIe TipeBpaiienus B crtaBe NigAly;Cr;oCoq B mipo-
[[ecCe HarpeBa M IMPeIOKEH MEXaHW3M PaCTBOPEHHUS BKIIIOUYEHHUI HAa OCHOBE XpO-
Ma B mHTepMeTamuaHoi Matpure NiAl: B uaTepBane temmneparyp 20-500°C Ha-
Omomaercs ymmpenue TuQy3rnoHHON 30HBI Ha rpanuiie pasmena ¢a3 Cr-NiAl;
npu AanbHelmeM Harpese n0 750°C mpoucxoauT (parMeHTanus XpOMOBBIX Bbl-
JieJeHud Ha HaHOKpUCTaLIATHL pazMepoM 20-100 HM, 4TO yBEIUYHUBAET CKOPOCTH



PAcTBOPEHUS YacTHI] XpOMa 3a CYET MHTeHCHU(DUKAIIMK 3epHOTPpaHUYIHON muddy-
3un. Centropunoid XK. A. BeisiBiieH 3ddext uzmenpuenns ¢aszsl (Mo,Cr)B u moBbI-
[IEHHEe OJHOPOJHOCTU €€ pacIpelefieHUs B MHTepMETaUIMIHON MaTpulle CIiaBa
cucteMsl NiAl-Mo-Cr-B-Mn-Hf npu no6asnennn nanodactui] ZrO, B KOJIMYECTBE
ot 0,5 o 1,5 % 006. B mporiecce WHAYKIIMOHHOTO TIeperiaBa 3a CUeT YBeJIUYeHHUsI
KOJIMYECTBA BBIEICHUNA TYyroIlaBkux mucrnepcHerx 6opwmoB (Hf,Zr)B, sBiusto-
IMMXCs LeHTpamMu Kpuctamumsanuu s ¢assl (Mo,Cr)B. A Takke ycTaHOBIIEHO
CHIDKeHHE cKopocTH moisydyectu cruaBa NigAlyCrpCog mocine mHAYKIMOHHOTO
neperiaBa, YTo 00yCIOBIEHO YKPYTHEHHEM 3epHa MOHOAIOMUHU A HUKeNs NiAl,
YBEIMYEHUEM CONPOTUBIEHUS nudPy3nonnoit momydectd Kobia 1 poctom Kore-
3MOHHOM NMPOYHOCTH IPaHMII 3epeH B pe3yibTaTe Oojlee paBHOMEPHOIO pacipe/ie-
JIeHU 10 TpaHuLiaM 3epeH (a3bl Ha OCHOBE Ta(HHI.

[Ipaxtryeckas 3HaunMMOcTh paboTel CenTropuHON JK.A. TIOATBEpXKIeHA pa3-
paboTKOH crnocoba moyydeHus SJEKTPOMOB M3 CIUIABOB HA OCHOBE ANIOMUHUJIA
Hukenst NiAl ans ueHTpoOe)HOro MIa3MEeHHOTO PacHbUICHHS], BKIIOYAOUIUH 110~
Tydenue nonydabpukara MeTomoM neHTpodexxnoro CBC- nuths (3asBka Ha M30-
opetenue Ne 2015130329 ot 23.07.2015 r.). Kpome Toro, 3aperucTpupoBaHo HOY-
xay «CocTaB U c1oco0 MONyH4eHHsI 3JISKTPOJOB M3 )KapOIMPOYHOTO CIjlaBa Ha OC-
HOBE AJIIOMMHMIA HUKEJS JUIsl JIA3MEHHOTO IIEHTPOOESKHOTO PACTIbIIICHUSI TPaHy.I
IPaBUIIBHON cepryeckodt (GOpMBI U perjiaMeHTUPOBAHHOM 3ePHUCTOCTH JJIST MC-
II0JIB30BaHUS B JIUTUBHBIX 3 d- TEXHOJIOTHSIX». A Takke pazpaboraHa MeTonuKa
IIOJIy4YEHHUs] HKCIIEPUMEHTANIBHBIX 00pa3IloB XKapOMPOYHBIX MaTepHUaioB Ha OCHOBE
aJIOMUHY1a HUKeNs B Bue rpanyi. Centiopunoit XX.A. pazpaboTtan Taxxke nado-
pPaTOPHBINA perIaMeHT Ha MPOIlecC MOMyUYeHUS SKCIIEPUMEHTAIbHBIX 00pa3IoB Irpa-
HyJI TIPaBUJIBHON cdepudeckoil GopMbI U perIaMeHTHPOBAHHON 3€PHUCTOCTH U3
KapOIIPOYHBIX MaTEpUajiOB C HCIOJIH30BaHWEM HHTETPATbHOM TEXHOJIOTHYECKOM
LENOYKH, BKIIFOUAIOled CUHTEe3 TonyabprkaTa B BHJE CIUTKA, €ro meperviaB u
neHTpobexHoe pacmbiieHne. B OAO «Kommo3ut» ocylecTBiieHa armpodarius
TEXHOJIOTUY MONMy4YeHus: chepuuecKux rpaHys U3 CIiaBoB Ha ocHoBe NiAl u npo-
BEJICHbI MCIBITAHUS MOJYYCHHBIX TpaHyJl, KOTOpbIE MOKa3ajil, YTO CBOWCTBA Tpa-
HyJl TIOJHOCTBIO COOTBETCTBYIOT TPEOOBAHHUSM TEXHOJOTHUMA TpaHyJIBHOU MeTa-
JYpPrud U aJAUTUBHOTO ITPOU3BOICTRA.

K 3amevanusm no paboTe MOXXHO OTHECTH CPaBHHUTEIBHO U30BITOYHOE KOJIH-
YECTBO BBIBOJIOB, BO3MOXKHO, HEKOTOPbIE U3 HUX CIEAOBAIO O0OOIIUTD.

YkazaHHOe 3aMeduaHue HU B KOel Mepe He CHI)KAaeT LIEHHOCTH padoThl aBTO-
pa. HecmoTpst Ha ykazaHHOe 3aMedaHue, clieyeT OTMETUTh, 4YTO aBTop CeHTHopu-
Ha JK.A. 1Oru4HO U yOeIUTeNbHO MPOAEMOHCTPUPOBANIA JOCTHKEHHE TTOCTABIICH-
HOW LieH, MOATBEpPX Aasi W3JI0KEHHBIE Pe3yJIbTaThl UCIBITAHUA HCIIOJIb30BaHUEM
COBPEMEHHOI'0 00OPY/IOBaHUSI M aTTECTOBAHHBIX METOJIUK HMCCIIeIOBaHUM, 3HAUM-
TEBHBIM KOJIMYECTBOM SKCIIEPUMEHTATBHBIX JaHHBIX, IPUMEHEHHEM CTATHYeCKUX
METOJIOB 00pabOTKHU pe3yJbTaTOB, a TAK)KE COMOCTABICHUEM IOJyYeHHbIX PE3yJib-
TATOB C pe3yJbTaTaMu JApPyrux aBTopoB. ABTopedepar CentiopuHod KaHHBI
AnexcanapoBHBI oTBeyaeT TpeboBanusiMm BAK, npenpsaBisieMbIM K KaHAUIATCKUM
JyccepTalusM, padoTa mpeacTaBisieT coOOi 3aKOHUEHHOE HaydyHOe MCCleoBa-
HUE, SBISETCS aKTyaJIbHOU, COAEPKUT HAyUHYIO HOBU3HY, a e€ aBTop, CeHTIopHUHa



JK.A. 3acimyxuBaeT NIpUCBOEHUS €l YUEHOHN CTENEeHM KaHJIWJaTa TEXHUYECKUX Ha-
yK 1o cuenuanbHocT 05.16.06 — [TopoirkoBasi MeTaJLTyprust U KOMIIO3ULIMOHHbIE
MaTepHalIbl.

3aci. nestenb Hayku PO 1.1.H., mpodeccop, r1aBHbIN HayuHbIA cOTpyAHUK, Derne-
panpHOe TocyaapcTBeHHOe OromkeTHOe yupexkaenue Hayku UBOIT JIBO PAH,

680000, r. Xabaposck, yu. [lukononsuesa, 56; Ten.: (4212)227573
BepxotypoB Anaronuii JlempsinoBuy; e-mail verhoturov36@mail.ru
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K.T.H., Hay4HBIH COTPYIHUK, , DeepanbHOEe roCyAapCTBEHHOE OIOKETHOE YUpe-
xaenue Hayku MuactutyT marepuanoBeaenus [IBO PAH, r. Xabaposck, yiu. Tu-
xookeaHckas, 153; ten: (4212)226956;

Konesnos Jleonnn Anekceesnd; e-mail konevts@narod.ru
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OT3hbIB
Ha aBTOpedepar auccepranun
CenTropunoii JKaHHBI AJleKCaHIPOBHEI
«llomy4enue chepryecKux MOPOIIKOB U3 CINIABOB HAa OCHOBE ATIOMUHUIA HUKES
NiAl a5t aiTUTHBHBIX TEXHOIOTHID)
MPEJICTABICHHON Ha CONCKAHHE YYEHOH CTeTIeHH KaHAM/IaTa TEXHUYECKHX HayK IO
cnenuansHocTH 05.16.06 - IToponkoBast MeTa/UTyprust 1 KOMIIO3UIIHOHHBIE
MaTepuabl

AKTyanbHOCTb pabOTBI JIOKa3aHA CIHCKOM KOHTPAKTOB. IIpeyiosKeHsI
HOBBIC ~ KOMIIO3HLIMM  HHTEPMETAUIMIAHBIX CIUIABOB  pA3IMYHOM  CTENeHH
JCTHPOBAHHOCTM Ha OCHOBE aIIOMHHMIA HUKeIsA. VICCIIeNOBaHO BIHMSHHS HA
CBOMCTBA CILTABOB HA OCHOBE AIFOMHMHHJA HUKES JIETHPYIOIIMX 3IEMEHTOB IIPH
ABYX mepefenax HeHTpoOexHoH CBC ®  HHIYKUMOHHOrO MeperuiaBa,
[IPE/ITIOKCHBI MEXaHU3MBI CTPYKTYPHBIX IIpeBpaleHuit B cruiaBe Nig Aly Cr,Cog.
IIpoBeneHo mapameTpuyeckoe HCCIICIOBAaHME  IIpollecca  IUIa3MEHHOIO
IEHTPOOEKHOTO PACTIBUICHUS M yCTAHOBJIEHBI 3aKOHOMEPHOCTH (DPaKIHOHHOTO
COCTaBa M CTPYKTYpPY I'paHyII.

3amedaHus:

1. VrTBepxknaercs, uTo «riyOMHA BBIXOHA LIEIEBOIO IIPOAYyKTa (1) B CIHMTOK
NpuOIIMKanach K PacuyeTHOMY 3HAYEHHIO» (CTP. 11). Otkynma B3su10CH
pacdeTHOE 3HaUYeHHE?

2. Kpusble «HanpsxeHne-negopmanys», NpelCTaBICHHbIE Ha puc. 4,
BBI3BIBAIOT OIpeneeHHbIM uHTepec. CmaBbl 6e3 TO ¢ cooTHoOIIeHHEM
Cr/Ni=2 u  Cr/Ni=3,5 mno-pasHomy cebs Beayr (op=2260MIla wu
op=1250MIla) — oTnnyaroTCs MOYTH B ABA pa3a, XOTI UX MHKDPOCTPYKTYPBI
(puc. 2, 5, e) pasnuyaroTcs He NPUHIMIHKATBHO. B pedepare HamucaHo:
YMCHBIICHUE «Ipeena IMPOYHOCTH CBA3AHO C (HOPMHUPOBAHHMEM TOJCTHIX
XPOMOBBIX MPOCTIOCK Ha MPaHUIEe HHTCPMETATIMIHBIX 3epery» (ctp. 14). Kak
IIOHUMATh TOJICTBIE U TOHKUE MPOCTOUKH?

3. Ilpu TIIP nocTpoeHs! (YHKIMM pacIpeieleHHs YACTHI[ IO pasmepam
(puc.10). [Touemy He moCTpOEHA INIOTHOCTH (BYHKITHH pacIpeieseHus?

BbickasaHHble 3aMedyaHHMsS He CHUKAIOT OOLIEro  IOJOKHTENBHOIO
BIIEYATJICHUS OT PaOOTEHL.



CuMraem, 4YTO IO aAKTyaJbHOCTM W HOBH3HE IIOJIyYEHHBIX DPE3YJIbTATOB,
JOCTOBEPHOCTH, MX HAy4YHOH M MPAKTHUYECKOH 3HAUYUMOCTH IUCCEpPTAIlMOHHAs
pabota «IlomyueHue chepruveckux MOPOIIKOB M3 CIIABOB HA OCHOBE ATFOMHHHUIA
HuKensd NiAl Ui anguTUBHBIX TeXHOJOTHI» oTBedaeT TpeGoanusiM BAK PO,
NpeIbsBISeMbIM K KaHIUIATCKUM JHccepTanusM, a e€ aprop, CeHTropuHa JKanHa
ANeKkcaHpoBHA, 3acly’KUBaeT MPUCYXKIACHHUS YUYEHOM CTElNeHH KaHaujgaTa
TEXHHYECKUX HayK 1o creruanbHocTH 05.16.06 - IlopomikoBas MeTautyprus u
KOMITO3UIIMOHHBIE MaTepUalIbl.

DenepanbHOE TOCYIapCTBEHHOE OIOIKETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICIIEro 00pazoBaHus «CHOUPCKUH rocyapCTBCHHbIN HHIYCTPHAIbHbIMH
YHUBEPCUTET

3aBenyromui kapenpol ecTeCTBEHHOHAYUHBIX NUCIHUILIMH MM. Ipodeccopa B.M.
QuHKes, 3acIyKEeHHbIHN aesTens Hayku PO, Jlaypeat npemuu [Ipasutenscrea PO
B 00J1aCTH HAayKH U TeXHUKH, Jlaypeat mpemun PAH um. W.I1. Bapauna

JIOKTOp PU3UKO-MATEeMaTHISCKUX HAYH,

npodeccop
/
JlonieHT kadeapor

CCTCCTBCHHOHAYYHBIX TUCILHUIIIINH

Bukrop EBrenseBnu ['poMoB
«9» Hos1Ops1 2016 T.

uM. mpodeccopa B.M. ®unkens

i/

___Bnagumup Imutpuesny Capsrues
«9» HOsAOps 2016 T.

K.T.H, JIOLIEHT
654007, r. HoBoky3Henk, yi. Kuposa, 1. 42
Ten. (3843) 78-43-67, 46-22-77, daxc (3843) 46-57-92

e-mail: gromov(@physics.sibsiu.ru, sarychev_vd@mail.ru

Ha 06paboTKy nmepcoHaIbHBIX JaHHBIX COMVIACHBI.
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CAMAPCKUI YHUBEPCUTET YuéHoMy ceKpeTapro TuccepTal-
FARERS, BT oHHoro cosera J[212.132.05

thepepansHOe roCyA3pCTREHHDE 3BTOHOMHOR T.A.JloGoBoit
obpazoBaTensHoe YYPEXAeHUe Beicwerc oBpazoBaHna
«CamMapckuii HaLUMOHANbHBLIM UCCNEACBATENLCKUA YHUBEPTUTET
nmenn akagemuka C.I1. Koponesa»

yn. Mockosckoe wocce, A. 34, . Camapa, 443086 119049 Mocksa JIeHnHCKUH Ipo-

Ten.: +7 (846) 335-18-26 , chakc: +7 (846) 335-18-36 HU
Catir: www.ssau.ry, e-mail: ssau@ssau.ru P, 4’ TY MUCuC

OKMO 02068410, OMPH 1026301168310,
WHH 6316000632, KNMN 631601001
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OT13bIB Ha aBTOpedepat

OT3hbIB
Ha aBTopedepar quccepranuu CentropruHoi JKaHHBI AJIeKCaHIPOBHEI

«ITonydenne cepruecKUx MOPOIIKOB M3 CINIABOB Ha OCHOBE allFOMUHHU A HuKens NiAl
IUIS aJIATABHBIX TEXHOJIOTHIDY, IPeCTaBIEHHON Ha COUCKaHUE YYEHOM CTETIEHH KaH-
IuIaTa TEXHUYECKUX HayK

I[Ipencrasiennast paboTa SIBISSTCS aKTyaJbHOM, T.K. HallpaBleHa Ha pa3paboTKy
OTEUECTBEHHON TEXHOJIOTUU IOJyYeHHs] MHTePMETAUIUIAHBIX IIOPOLIKOBLIX MarepHa-
JI0B, GOJBIIMHCTBO U3 KOTOPBIX B HACTOSIIEE BpeMsl SBISIOTCS UMIIOPTHBIMH, a UX HO-
MEHKJIaTypa MpeICTaBlIeHa OrpaHMYeHHBIMU MapKaMU U COCTaBaMMU.

Haquaﬂ HOBHM3HA, HA Hall B3TJIsA[, COCTOUT B YCTAHOBJIt MKW OINITUMAJIBHBIX CO-
CTaBOB U COOTHOIIECHUS JICTHPYIOIINX DJIEMEHTOB B IMOPOIIKAX, ITPU KOTOPBIX OBLIIM MO-
JIYUYCHBI HanOoJiee BBICOKHE MOKa3aTen IMPOYHOCTH CBC-crieueHHBIX CILJIABOB.

[MpakTryecKkas 3HAYMMOCTh PabOTHI 3aKiodaeTca B pa3paboTke crocoba Ioiy-
YeHMs SJIEKTPOIOB U3 MHTEPMETAJUTUIHBIX CIIABOB, KOTOPhIE MOTYT OBITh MCIIOJIh30Ba-
HBI /IS IEHTPOOEIKHOTO TIa3MEHHOTO HaIbIJIEHHUS.

HecoMHEHHO} LIEHHOCTEIO AUCCEPTAIIMH SBISETCS «HOY-Xay» «CocTaB U c11ocod
HOJIyYEHHsI AJIEKTPOAOB M3 KApPOIPOUHOIO CIIaBa Ha OCHOBE alIOMHHMJIA HUKETIS JUIs
ITa3MEHHOTO LIEHTPOOEKHOrO PaclbUIEH s TPaHyJI IPaBIIBHOH cdeprdyeckoi GpopMbl
U pErilaMEeHTHPOBAHHOW 3epHHCTOCTH JJsSI HUCIIOJB30BaHUS B aIAMTUBHBIX 3D-
TEXHOJIOTHUSIX.

K 3amMeuanusim no aBTope(pepaTy CJIeYET OTHECTHU CIICAYIOEe MOMCHTBI:

1. Ha c1p.11 aBropedepara K KOMMEHTapHsM K puc.l cka3aHo, 4TO «HauboJee
MHTEHCUBHBIH POCT CKOPOCTH TOpEHHsI ... HaOIIofaeTcsl B HHTepBalle IEPETPY3KH OT 1
1o 150g». Ho Ha puc.la HanOonee MHTEHCUBHBIM POCT 3TOTO ITOKa3aTellsd 110 dKCIepr-



MEHTaIBHBIM TOUYKaM Habmonmaetcs B mHTepBaie oT 0 gmo 50g, 3areM B MHTEpBale
50...150g pocT CKOPOCTH FOPEHUS] MEHEE MHTEHCUBHBIM, Ye€M IIPU MEHBIINX 3HAYCHUSIX
neperpysku. B cBsi3u ¢ 9THM He MOHSATHO, IOYeMy 3HaueHue neperpysku 150g BeIOpaHo
KaK 3HAYUMOE.

2. B aToM ke a03ale onTHMaNbHOe 3HaueHMe Neperpy3ku Beioupaercsa 150g, HO
He yKa3aHo, YTO SBJSIETCS KPUTEpUEM ONTHMHU3ALMM, T.K. HM OJHA M3 paccMarpuBae-
MBIX XapaKTEPUCTHK (CKOPOCTH TOpEHHs], BeIM4nHa pa3bpoca, IiryOrHa BBIXO/A Ieic-
BOTO IPOAYKTa) He NMPUHMMAET dKCTpeManbHble (MUHMMAJIbHBIE MM MaKCUMallbHBIE)
3HAYeHUs IPY BEIOPAHHOM 3HAYEHUU apryMeHTa.

3. Ha ctp.14 aBropedepara NpUBOIAMUTCS CPaBHEHHWE ITOKa3aTeNed YIpPOUYHECHUs:
caBoB 10 TO u nocie TO, npu sToM pesxumpl TO He IPUBOIATCS, @ ITOITOMY paccy-
JKJIEHHS Ha peaMeT MPUYHH YBEIHdeHus ITacThiHocTy nocie TO He umeroT 060CHO-
BaHU.

VKkazaHHbIE 3aMeYaHys He CHIDKAIOT JOCTOBEPHOCTH Pe3yJIbTaTOB pabOThl M HO-
CAT pEKOMEHaTeNbHbIH xapakTtep. MccnenoBaHHe HMEET CONUIHYIO anpodaiuio u
MyOIHKALMIO PE3YJIBTATOB, COOTBETCTBYET HEOOXOMMMBIM TPEOOBAHUSM, TPEAbSIBIIsC-
MbiM BAK K KaHgugaTckuM quccepranusM. B ces3u ¢ atum e€ aBrop CenTiopuna JK.A.
3aCIIy)KHBaeT MPUCYXKACHNUS yUEHON CTENeHH KaHIuIaTa TEXHMYSCKUX HayK 10 CIeLH-
anpgoctd 05.16.06 — [TopoikoBast METAJUTYPrisl ¥ KOMIIO3UIIMOHHBIC MaTEpralbl.

3aBeyromiuii kKagenpoit 00padOTKU METaJIOB

nasienreM, akagemMuk PAH,

nokrop Hayk (05.03.05 - IIpoueccs! U MalliHb f/(

00paboTKH AaBiIeHUEM), IIpodeccop ﬁ ®denop Bacuisesny I'peyHuKos,
tet. +7(846)3340904

e-mail: gretch(@ssau.ru,
JoreHT Kadeapbl TEXHOJIOTUU METAJIOB
Y aBMAI[HOHHOI'0 MaTepUaIOBEICHN, /
K.T.H.(05.02.01 ~MarepuasoBeeHre(MaIIHHOCTPOECHHE)) %@W
Exarepuna AnekcanapoBHa Hocosa
e-mail: eanosova@mail.ru, Tex. +7(902)3215866
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OT3hbIB
Ha aBTopedepar auccepranun CentiopuHoit JKanHubl AJleKCaH/IPOBHBI
«ITonyuenue cepruyeckux MOPOIIKOB U3 CILIABOB HA OCHOBE
amoMuHnaa HUKeIst NiAl U1 aqIu THBHBIX TEXHOJIOTH Y,
[IPEJICTABICHHON HA COUCKAHUE YUCHOM CTENCHH KaHIUaTa TeXHUYECKUX HAyK

Juccepranuu Centiopunoit XK.A. MoCBsIeHa PEHICHUIO aKTyaJlbHOM 3a/layn - Mojyde-
HHUIO B IIPOMBIIUICHHBIX MaciiTabax cepuyeckux MOPOIIKOB HA OCHOBE AJIIOMUHHUIAA HUKEI,
YJIOBJIETBOPSIIOINUX TPEOOBAHHSIM AJUTUTUBHBIX TEXHOJOIMH CEJIEKTHBHOIO JIA3€PHOI'O U DJIEK-
TPOHHO-JIY4YEBOr0 CIUIaBJieHUs1. Ha ceropHsHuii 1eHp JaHHbIe MaTepuasibl HU B Poccun, Hu 3a
pyOeKoM He TPOU3BOJISATCS, HECMOTPSI Ha OCTPYIO HEOOXOJMMOCTh B HUX B aBHa- U PAKETOCTPO-
eHud. JIJis pelieHus dTOH 3aJaull COMCKATeJIeM UCIIOIb30BaHbl COBPEMEHHBIE METO/IBI IIOJIyYe-
HUSI, paQUHUPOBAHUS B MOAU(DUIMPOBAHHSI MHTEPMETAIIMIHBIX MaT€pPUaIOB U IIPOU3BOJCTBA
IIOPOIIKOB U3 HHUX, Takue Kak HeHTpoOexHas CBC-Mertayuryprus, MAyKIUOHHBIA IEpEIUIaB B
cpezie MHEPTHOTO ra3a U INIa3MEHHOE IEHTPOOEKHOE pacIIbUICHHE.

HayuHast 1IeHHOCTh paOOTBI, Ha HAIl B3TJIS/I, COCTOUT B JIETAJIBHOM ONUCAHUK (Pa30BOro
cocTaBa M CTPYKTYpBI, a TaK)Ke CBOWCTB CIUIaBOB Ha ocHOBE NiAl B ciiydae UCIONB30BaHUS pa3-
JIUYHBIX BAPHAHTOB MX JICTUPOBAHUSI HA KAXKIOM U3 3TAIlOB IIPOU3BOJCTBA MUKPOTPAHYII U3 HUX.
BriepBbie BbIsiBIeHO Biusinue cooTHomeHus: cojaepxkanuid Cr u Co B CBC-cruiaBax CHCTEMBI
NiAl-Cr-Co-Hf Ha ux cTpyKTypy H Ipejiei IPOYHOCTH, a Takxe oOHapyx eH 3 dexT u3menpue-
aus BraroueHuit (Mo, Cr)B B crmaBax cucreMbl NiAl-Mo-Cr-B-Mn-Hf npu ux moaugunuposa-
HHUH B [IPOIIECCe MHIYKIIMOHHOTO NeperuiaBa Hanovactuuamu ZiOs.

Hcnonp30BaHue COUCKATEIEM COBPEMEHHBIX METOJIOB UCCIIEIOBAHHUS U 000pYy/I0BaHUs, a
TaKXe JIOCTAaTOYHBI 00bEM SKCIEPUMEHTAIBLHOIO MarepHajia 00ecHedYHBaIOT JIOCTOBEPHOCTH
IOJIyYCHHBIX PE3YJIbTATOB M CJICJAHHBIX HA MX OCHOBAHUM BBIBOJIOB, KOTOPHIE HE IIPOTUBOpEYAT
CYIIECTBYIOIIUM IIPEJICTABICHUSIM.

[IpakTrueckasi 3HAUUMOCTh pabOTHI 3aKJIIOYAECTCSl B ONTUMHU3ALMH COCTABOB JIETUPOBAH-
HBIX CIUIABOB HAa OCHOBE AJIOMHHUJA HUKEN M Pa3pabOTKE KOHKPETHBIX PEKOMEHIALHN II0
IIPAKTHYECKOMY OCYIIECTBJICHHIO MHOTO3TAIIHOIO TEXHOJIOIMYECKOrO IIpolecca MONyYeHHs W3
HUX BBICOKOKAYECTBEHHBIX ChepHUeCKUX TpaHyJ, YJAOBIETBOPSIOMIMX TPeOOBAaHUSM COBPEMEH-
HbIX 3D-TexHoIoTHi, BHEPEHHE KOTOPBIX SBJISETCS OJHOU M3 CTPATETMUYECKUX 3a/1a4d Pa3BUTHS
TEeXHOJIOTHYECKOro MMOTEHI[Mala Halllel CTpaHBbl.

B xayecTBe 3amMedaHuil clielyeT OTMETHTh CIeIyIolIee:

1) B aBTOpedepaTe OTCYTCTBYIOT CBEJCHHS O LIE€JISIX BBEICHHUS B COCTaB pa3pabaThIBa€MBIX Ma-

TECPHAJIOB TEX UJIM UHBIX U3 UCIOJIB3YEMBIX JICTUPYIOIHUX 3JICMCHTOB,



2) OTCYTCTBYIOT TEPMOJMHAMHYCCKHE PACUETHl PABHOBECHOTO (ha30BOTO COCTABA MOJIyYACMBIX
MaTepUAIOB, HAJIMYHE KOTOPBHIX MOTJIO OBl 3HAYMTEIBHO YIIPOCTUTh AHATN3 UX CTPYKTYPBI U
CYLIECTBEHHO YKpPacHThb padoTy;

3) BBI3BIBACT COMHEHHE KOPPEKTHOCTh HCIIOJIb30BAHUS TEPMUHA «HACIEIOBAHHE MHKPOCTPYK-
TYPBI» B YCIIOBUSIX HCIIOJI30BAHUS IOJTHBIX IIEPEIIABOB MaTepUaIa;

4) He ompeesieHbl TEMIIEPATYPhI JIUKBUJIyCca U COJIMIyca pa3pabaTbIBA€MbIX MaTepHUaAIOB, UH-
TEpBaJ MEXJIy KOTOPHIMH MOXET OKa3aThCsl BEAyIIMM (PaKTOpOM, OrpaHUUYMBAIOIIMM CKO-
POCTH BpAIICHHS PACIIBUIIEMOTO 3JIEKTPOA 32 CUET €ro MEeX3epeHHOro paspylleHue B 00-
JIACTH MPOrpeBa.

VYka3zaHHbBIC 3aMeYaHusl HE CHIDKAIOT 00INee IMOJIOKUTENLHOE BIIEYATJIEHHE O JHUCCepTa-
IHOHHOM padoTe. Pe3ynpTaThl MPUBEJCHHBIX MCCIIEI0BAaHHM B JIOCTATOUYHON CTENEHH arpoOHpo-
BaHBI U OMyOJIMKOBAHBI.

B nenom pabora mpeacrasisieT coOO0H 3aBEpIIEHHOE UCCIIEN0BAHUE, COOTBETCTBYET BCEM
tpeboBanmsiM BAK k xanaugaTckumM auccepranusm, a ee aprop Centiopuna X A. - mpucyxie-
HUS YYCHOU CTETIeHM KaH/U/1aTa TEXHUYECKHUX HayK 1o crenuanbHocTr 05.16.06 — [Topormxosas

MECTAJUTYPrusi © KOMIIO3UITUOHHBIC MaTCPHUAJIbI.

Pextop Boarl' TV, akanemuk PAH,

JIOKTOP TEXHUUYECKUX HaYK, podeccop

HayuHnas criennanbHOCTb:

05.02.10 —Cpapxka, poJCTBEHHBIE ITPOIECCHI

U TEXHOJIOTHU JIbicak Bnagumup Mibuy

Jexan daxynprera TKM Bonrl TV,
JIOKTOP TEXHUYECKUX HayK, Ipodeccop
Hayunas crienuanbHOCTB:

05.02.10 —CBapxa, poJICTBEHHBIE ITPOIECCHI

Y TEXHOJIOTUHU 7«/ Ky3emun Cepreit BukropoBuu

400005, r. Bosrorpas, npocrekt uMm. B.W.JIenuna, 1. 28.
denepanbHOE TOCYIAPCTBEHHOE OI0/KETHOE
o0Opa3oBaTebHOE YUPEKICHHUE BBICIIET0 00pa3oBaHUs

v

(@T'BOY BO "BonrT'TY™). ST
Ten. (8442) 23-06-42 < Ora 20 o
E-mail: weld@yvstu.ru



OT3bIB

Ha aBTOpedepar AuccepTaluu
CEHTIOPUHOM ) XKanubl AJeKCcaHAPOBHBI

[TOJIYYEHUE COEPUYECKHUX IIOPOIIKOB M3 CIUVIABOB HA OCHOBE
AJIIOMUHUJIA HUKEJIA NiAl JUUISI AJTUTUBHBIX TEXHOJIOT UM,
IpEICTaBICHHON Ha COUCKAaHNEe YIECHOH CTENIeHN

KaHJ#IaTa TEXHUIECKUX HayK
o creratbHocTH 05.16.06 — ITopoinkoBas MeTa/UTyprus ¥ KOMIO3UIIMOHHBIE MaTepUaIbl

HuccepranmonHas pabora CentiopuHo#t JXX.A. sBieTCs aKTyaJbHOH M HMEET
IpUKIagHOe 3HadeHHe. B pabore mpencTaBieHbl pe3y/lbTaThl, CBA3aHHBIE C pa3paboTKoH
WUHTErPATHHONU TEXHOJOIMH IOMY4EHHs IOPOLIKOB M3 HOBBIX JKapOIPOYHBIX M )KapOCTOMKHX
MaTepHaJIOB JJIS HCIIOJIb30BAHUS B aIUTUBHBIX TEXHOJIOTHSAX.

B kauectBe Marepuana BBIOpaHBI CIUIaBBI Ha OCHOBe amoMuHuAa Hukens (NiAl),
KOTOpBIH 00J1a1aeT IpUBIEKaTeIbHBIM OaTaHCOM XUMHYECKUX B (PU3NYECKUX CBOHCTB Hapsdy C
BBICOKOM TemIeparypoii ruiaBieHus. [lostomy crnaBel Ha ocHOBe NiAl paccMaTpuBarT Kak
NEPCIEKTUBHBIE MaTEpUaIb] Ul CO3/1aHHs JIETKOBECHBIX BBICOKOTEMIIEPATYPHBIX KOHCTPYKIIUH
B aBHa- U pPAKETHO-KOCMHUYECKOH IpOMBIIUIEHHOCTH. B Hacrosimee BpeMs CO3JaHHBIE
Matepuaibl Ha ocHOBe NiAl HMEIOT OrpaHHYEHHYIO IUIaCTHYHOCTh MPH HOPMAaTBHBIX
TeMIepaTypaX M HEJOCTAaTOYHYIO BBICOKOTEMIIEPATYpHYK NPOYHOCTh. OIHHM H3 METOIOB
YIYYIIEHHs] MEXaHHMYECKUX XapaKTEpPUCTHK CIUIABOB Ha OCHOBE XPYNKOH HHTEPMETALTHIHOM
Matpuibsl NiAl sBnseTcs NernpoBaHHe IUTACTHYHBIMHU TYTOIUIABKUMH METAJUIaMH, YTO M OBLIO
pPaccMOTpEHO B JaHHO# pabore.

CHCTeMHBI NOIXOJ K pEIIeHHIO IIOCTABJIEHHBIX IIE€pel aBTOPOM 3a1ay IO3BOJIHII
pa3paboTaTh TEXHOJIOTHIO HM3TOTOBJICHHS TIpaHys, KOTOpBIE IO CBOMM XapaKTEPUCTHKaM B
[IOJIHOM Mepe YIOBJIETBOPSIOT TpeOOBaHUAM TIpaHYIbHOH METAUIYprMM H aJIUTUBHOTO
IPOU3BOACTBA. [IpelyaraeMas TEXHOJIOTHS BKJIIOYAeT B ceOS HCIIONB30BaHHE COBPEMEHHBIX
IEpPCIIEKTHBHBIX METOJOB Ha KaXXIOM 3Talle TeXIpolecca.

ABTOpPOM BEHIIOJIHEH O00ibmoN 00BeM paboT IO CHHTE3UPOBAaHMIO CIUIABOB H
IPOBEICHUIO H3MEPEHHH HMX MEXaHHYeCKHX CBOMCTB. OIHMM M3 HMHTEPECHBIX DPE3yJbTaToB,
OIMCAaHHBIX B YETBEPTOM IJIaBe, SBJIAETCS TOT (aKT, 4TO BBEAEHHE B cocTaB cIutaBa NiAl-Mo-
Cr-B-Mn-Hf nanouactun ZrO, B konmdectBe 1,5% 00. Ha cTaguu BaKyyMHOT'O HHIYKUIHOHHOTO

THepenaBa IPUBOIMT K CyIIeCTBEeHHOMY u3MenbueHuio ¢assl (Mo,Cr)B (pa3mep 3epeH MeHee



200 MKM) M IOBHIIAET PAaBHOMEPHOCTh €& paclpeleneHHs B 00BEME, 4TO CIOCOGCTBYET
yBEJIMYEHHIO IPOYHOCTHBIX CBOMCTB CILIaBa.

PaspaboraHa MeToaMKa NOTYYEHHS SKCIEPHMEHTATBHBIX O0pasIoB JXapONMpPOYHBIX
MaTepHaJoB Ha OCHOBE ATIOMUHHAJIA HUKeNs B Bujie rpanyil. B OAO «KoMIo3uT» oCyIIecTBIeHa
anpoGalysl TEXHOJOTHH IONydYeHHs CQEpHYEeCKHX TpaHyNl M3 CIUIABOB Ha OCHOBE NiAl u
TIIPOBEJIEHbl HCIBITAHUS IONYYEHHBIX TIPaHyJ, KOTOpblE IIOKa3aid, YTO CBOWCTBA TIpaHYI
IIOJITHOCTBIO COOTBETCTBYIOT TpeOOBAaHHSAM TEXHOJOTHH TIpaHyJbHOM METALTyprHd H
QIUTHBHOTO IIPOU3BOJICTBA.

ABTopedepaT B LIEIOM HAIKCaH CBS3HO M NOHATHO. PaGoTa xopomo ampoGupoBaHa,
OCHOBHBIE PE3yNbTAaThl JOJNOXKEHbl Ha BCepOCCHHCKEX M MEXKIyHApOIHBIX KOH(GEpeHUMsX, H
ony61uKoBaHbI B 13 cTaThIX M 8 Te3ucax JOKIAI0B.

[Io cBoeif AaKTyalbHOCTH, HAy4HOM U MPAaKTHYECKOH 3HAYAMOCTH U 00beMy
BBINOJIHEHHBIX HCCIIENOBAHMM IMCCEpPTAllMOHHAs paboTa, HECOMHEHHO, YAOBIIETBOPSET
TpeGOBaHMAM, TIPEIbABISEMbIM K KaHAUIATCKAM JUCCEPTAIMAM, a ee aBTop Centiopuna JKanHa
AreKcaHpoBHA 3aCITy)KHBAeT IPUCYKICHH YICHOH CTENEHH KaHIUaTa TEXHHYECKHUX HayK II0

cnenuanpHocTd 05.16.06 — [TopomkoBas METALTYprus ¥ KOMIIO3HIIHOHHBIE MaTE€pUAIIbL.

['maBHBIM Hay4YHBIA COTPYAHHK
Hay4Ho-KCCeJ0BaTeIbCKOT0 HHCTUTYTa (PH3HMKM M NPHKIATHOM MAaTeMaTHKH
Hucrutyra EcrecTBeHHBIX Hayk 1 MaTemaTHku

Vpansckoro ¢enepaabHOro yHUBEPCUTETA,

JMPEKTOp Y PaTbCKOro IEHTPa KOJIEKTHBHOTO MOJIb30BaHUA

«CoBpeMeHHbIe HAHOTEXHOIOTHH» YpDY,
JOKTOp (u3.-MaT. HayK, podeccop

[Iyp Bnagumup SIkoBieBud

620000, r. EkatepunOypr, np. Jlenuna 51
Tenedon: (343) 261-74-36

E-mail: vladimir.shur@urfu.ru

Crapummii Hayunbii coTpyauuk MHcTHTyTa EcTecTBeHHBIX Hayk # [ATHKA

VYpansckoro peneparpHOro yHMBEPCUTETA,

KaHauaar ¢u3.-MatT. HayK E.A. MuHranues
o |

Mumnranmues Esrennit Anp6epToBHY v

620000, r. ExatepunOypr, np. Jleanna 51
Tenedon: (343) 261-74-36
E-mail: ea.mingaliev@urfu.ru
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OT13bIB
Ha aBTopedepar KamauaaTckoi mucceprauuu CenTiopuHON JKaHHBI AJleKCaHIpPOBHbBI
«llonyuenue cgepuveckux nopowkos us cniasoé na ocnose amomunuda muxens Nidl ons
AOOUMUBHLIX  MEXHON02UI», TIPEICTABICHHON HA COMCKAHME YYCHOH CTeMeHH KaHIMIaTa
TEXHMICCKHX  HayK 1o  cnemuanpHocTH  05.16.06 — nopomkoBas MeTautypras u
KOMITO3HLIMOHHBIE MaTepHAITBI.

IIpoueccam cuHTe3a CIIaBOB Ha OCHOBE AMIOMHHHMAOB HHKENS MOCBSIIEHO GOJBIIOE
KOJINYECTBO paboT, 3aKOHOMEPHOCTH MX PEATH3ALUK BO MHOTHX CIyYasX AOCTATOYHO X0pouIo
u3ydeHbl. Takoi wuHTepec 0OyCIOBIeH 0COOBIM 3HaueHHEM, KOTOPBIM IIPEACTaBISIIOT B
IIPAKTHYICCKOM OTHOIICHMHM HHTCPMETAIIMYECKUE COEMHEHMs ATIOMUHHS ¢ HuKeleM. OHH
00J1a71aI0T aHOMAIBHBIMH TEMIIEPATYPHBIMH 3aBHCHMOCTAMH IIPOYHOCTH M IUIACTHYHOCTH,
BBICOKHMH BETHINHAMH M3HOCOCTOMKOCTH M JKAPONPOYHOCTH, & TAKXKE JPYTUMH YHHKAIbHBIMU
TCXHOJIOTHYCCKMMH  XapakrepucTukamMu. CraBel  Ha ocHoBe NiAl cpemm  mpyrux
KOMIIO3HIIHOHHBIX ~MAaTCPHAIOB BBIICISAIOTCA HEOOJBIIMM  YAECHBHBIM BECOM, BBICOKHMH
XapaKkTCPHCTHKAMH  TEIIO-JJIEKTPONEPEHOCA KM CMOCOOHOCTBIO JUTHTENBHO paboTaTh B
OKHCIUTENBHOM cpepe BmioTh n0 1300 K. TlosToMy, aOMHHHABI HHKeNIs Haubolee
NIEPCIIEKTUBHBI I Pa3pabOTKH COBPEMEHHBIX BBICOKOTEMITEPATYPHBIX KOMIO3HIIMOHHBIX
MaTepHaioB KOHCTPYKLIHOHHOTO M HHCTPYMEHTAJIBHOIO HA3HAYEHHWH, B CBA3H C YeM

AKTYAJIBHOCTHL MCCIIENOBAaHHUI MIPONECCOB IIOJIYYCHUS] HOBBIX CIUJIABOB M KOMIIO3HUI[MOHHBIX

MaTE€pHaAJIOB Ha OCHOBE aJIIOMHMHHUIOB HUKEJISI HE BBI3BIBAET COMHEHHUI

OnHuM u3 5Q(EKTHBHEIX METOJOB MONY4YeHHs BBICOKOKAYECTBEHHBIX M3eNHil Ha
OCHOBE WHTCPMETAIUIMYECKUX COCIMHEHHH SBJIAIOTCS MHTETrPAbHBIE TEXHOJIOTHH, H3HAYAILHO
NPEABABIIAIOIME  BBICOKHE  TPEOOBaHHS K  CTPYKTYPHBIM M (U3MKO-XHUMHYECKAM

XapaKTEPUCTUKAM UCXOIHBIX ITOPOIIKOBBIX CMECEH.

B MpCACTaBJICHHOM K 3alllUTe IHCCEePTAallHOHHOM HCCJICAOBAHHUH, C LEJIBIO pa3pa60TKH
HHTCFpaJIbHOﬁ TCXHOJIOTHH MOJIYYECHHUS IOPOLIKOB U3 xcapocxoﬁxnx B KapOoNpOYHBIX

MaTCpHaJIOB, MNPOBEACHO COCTABJIAIOIIEEC HAYYHYIO HOBHU3HY H3YYCHHUEC ocobeHHOCTEH (ba3o- 144

CTPYKTYpOOOpa3oBaHHUsl HHTEPMETAUIMAHBIX CIUIABOB HA OCHOBE AIIOMHHHIA HHKEIS B
cucremax NiAl-Cr-Co-Hf, NiAl-Mo-Cr-Mr-Hf, Nig;Als;Cr;2Cog B 3aBHCHMOCTH OT CII0co6a Hx
TNONIy4CHUs, OT COOTHOIIEHHS JICTHPYIOUIMX OJJEMEHTOB B HHX, & TaKKe IIPOBEIEHbI
TIPOMBIIUICHHBIE HCIIBITAHHS OJTYYEHHBIX IIOPOLIKOBBIX 06Pa3IoB.

[IpakTHyeckas HNCHHOCTh IIPOBEACHHOIO HAYYHOI'0 HCCIECHOBAHHUS 3aKIIOYACTCsS B

CJIICAYIOLIEM:
= pa3pa60TaH crocob MOTY4E€HUSA 3JIEKTPOJOB M3 CIJIABOB HA OCHOBE AJIOMHHUIOB HUKEJIS JJTA
IICHTpO6C)KHOFO IIa3MEHHOT'O paCIIbIICHHUS

- IpEUVI0KEHA METOAUKA TTOJTyUECHU S rpanyJ u3 o6pa3u013 Ha HUKEJIb-aJIFOMUHHEBOU OCHOBE,



= pa3pa60TaH TEXHOJIOTUYECKU I JOKYMEHT Ha IIpOLECC MOJIYYCHHs TIpaHys C 3aJaHHbBIMU

XapaKTePUCTHKAMHU U3 CHHTE3MPOBAHHAIX JKaPOIPOYHBIX 00Pa3LI0B-IIPEKYPCOPOB.

Cuuraro, uro pabora Centropunoii JXanuer Anekcannposusl «Ilonyuenne cdepuueckux
NIOPOIIKOB M3 CIUIABOB Ha OCHOBE alfOMHHMAA HUKeNs NiAl Juis ajIdTUBHBIX TEXHOJIOTHI»»
COOTBETCTBYET YPOBHIO KaHJMAATCKUX [HUCCEPTALMH, a ee aBTOP 3aCiIy)XHBAET MPHCYKICHUS
YYEHOH CTeNeHH KaHIWJaTa TEXHMYECKMX HayK IO criernanbHoctd 05.16.06 — moporukosas

METAJTypPrusl ¥ KOMIIO3ULIUOHHBIE MaTePHAJIbI.

Benymwuii Hay4yHbIit cCOTpyIHUK
Ornena crpykrypHoit Makpokunetukn THI[ CO PAH,
. ¢.-M. H /Jlanmun O.B./

Jlanmuna OJier BaJeHTHHOBHY
depepaibHOe TOCYAAapCTBEHHOe OrokeTHOEe YyupexkieHHe Hayku TOMCKMH HayuHBId UEHTp

Cubupckoro oraeneHus Poccuiickolt akageMun Hayk, 634021, r. Tomck, mp. Akanemuueckuii, 10/3.

Ten.: (3822)492-782, e-mail: maks@fisman.tomsk.ru

cneuransHocTh 01.04.17

[Moanuce Jlanmmua O.B. ynocroBepsito:

/Komnocos B.B./
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