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OT3bIB BEAYIIEI OPTAHU3AIINN

DenepabHOrO roCyJTapCTBEHHOI'O OIOPKETHOrO yUpeKIeHUsI HayKu MIHCTUTYT
METaJULypruy U MatepuanoBeneHus uMm. A.A. baiikoBa Poccuiickoil akagemMuy Hayk
(UMET PAH) nHa nucceprannonnyio paboty Arypeesa Jleonnna EBrenreBuua Ha Temy:
«Pazpabotka criocoba mosyueHus artOMOKOMIIO3UTOB BBICOKOM ITPOYHOCTH
MOIUUIIPOBAHUEM MUKPOA0OaBKaMH IMOPOIIKOB HAHOOKCUIOBY, IPECTABICHHYIO Ha
COMCKaHUe YYEHOM CTENEHU KaHAuAaTa TEXHUUYECKUX HayK o crienuaibHocT 05.16.06
— «IlopoikoBas MeTaTyprus 1 KOMIIO3ULIMOHHBIE MAaTEPUATIBI»

AKTYyalbHOCTb TEMbI

PaboTa HanpaBiieHa Ha pellieHHe aKTyalbHOU MPOoOIeMbl CO3/1aHNs 3KOHOMUYECKH
3Q(EeKTUBHBIX  TUCIIEPCHO-YNPOYHEHHBIX  ANOMOMATPUYHBIX  KOMIIO3UIIMOHHBIX
matepuanoB (KM), mnpenHasHaueHHBIX [UIsI MaccOBOTO IIPUMEHEHUS B PaKETHO-
KOCMUYECKOW TEeXHHKE M MAIIWHOCTPOeHHH. B muccepranmoHHoW paboTre pa3zpaboTaHa
TEXHOJIOTHUS MOIYYEeHHS] KOMIIO3ULIMOHHOTO MaTepuraia, yIpodYHEHHOI0 MUKPO100aBKaMu
OKCHUJIHBIX HaHOYACTHUI[, METOJIOM IOPOIIKOBOW METaJLUTypruu; HCCIEeI0BAaHO BIUSHUE

MHUKpPO00aBOK HAaHOUYACTHUI] Ha CTPYKTYPY U MEXaHWYECKHEe CBOWCTBA MOPOIIKOBOTO



AIFOMOKOMITO3UTA; afalTHpOBaHa MUKpOMEXaHNUecKasi MOJe/Ib Ha OCHOBE I'PaJMEeHTHOU
TEOPUH YIPYTOCTH ISl IIPOTHO3UPOBAHUS MEXAHUYECKUX CBOMCTB aIFOMOKOMIIO3UTOB C
MHUKpOI00aBKaMH HaHOYACTHUI[ OKCHUIOB M IMPOEKTUPOBAHMS HUX COCTaBa. YTPOYHEHUE
amoMomarpuaHoro KM Beenenuem wmukpono6aBok (mo- 0,15 % 06.) HaHOUYacTHI]

METOJOM MOPOILIKOBOW METAJIYPIUU SABIISIETCS paHee HEe UCCIEIOBAaHHOU 3a1aueii.

Hayuynasi HOBH3HA pe3y/IbTAaTOB

1. OGHapy>xeH SKCTpEeMalbHBI XapaKTep 3aBUCHMOCTH MEXaHUYECKHX CBOMCTB
QJTFOMOKOMIIO3UTOB OT KOHIIEHTPAIMK OKCUIHBIX HaHodacTull (Al,O;, ZrO,, MgO, Si0O,)
0,01-0,15% 06.: HaOmrOmaeTCSI MAaKCUMYM TPOYHOCTHU TPU CKATUH, PACTSDKEHUH, U3rHOe,
o0ycioBieHHbIH, cornacHo Teopuu OOpasioBa-Jlypre, Hamu4YMeM HaNpPsKEHHOI'O I10JI1
BOKPYT YacTHI[ B 00JIACTH MaJIbIX KOHIICHTPALIUH.

2. TlpennoxeHa KOMIBIOTEPHAS ONTUMH3AIMOHHASI MEKPOMEXaHUYeCKas MOeNb,
OCHOBaHHAs Ha I'PaJUCHTHON TEOPHH yNPYTrOCTH MPUMEHUTEIBFHO K aJFOMOKOMIIO3UTAM,
MoaudupoBaHHbiM HaHOOKcuamu (Al,O;, ZrO,, MgO, SiO,) B MUKpOKOHIIEHTpALUAX
(0,01-0,15%060.), mo3BoOJIsIOIIAS MPOEKTUPOBATH COCTAB ¥ IPOTHO3UPOBATH MPOYHOCTHBIE

CBOMCTBa aJIIOMOKOMITIO3UTOB.

IIpakTHyeckasi 3HAYUMOCTD

1. Ha ocHoBaHMM pe3ynbTaToB pacuéra B mporpaMMHoil cpene TEPPA ycraHOBIEHBI
TeMIepaTypsl Hayajna o0pa3oBaHUSI HAHOOKCHJOB IIPH IUIa3MOXHUMHYECKOM
cuHTe3e: okcuzaa nupkoums — 3427 °C, okcuma amomunus — 3427 °C, okcupa
maruus — 3027 °C, a TakKe MacCOBBIE JOJH OOpa3yrOIIErocs MOCHe peaKiuil
MOJIEKYJIIPHOTO KHCIOPOAA, YTO MO3BOJIMJIO CHU3UTH pacxon Kuciopoxa B 1,5-3
pa3a ¥ MOBBICUTH BBIXOJ] HAHOTIOPOILIKOB TPeOyeMOoro KauecTna.

2. Pa3paboTtan cmoco0® W3rOTOBIEHHS W3IENUH (BTYJIOK, KPBUIBYATOK, IPOKIIAOK)
PaKEeTHO-KOCMHYECKOTO HA3HAUYE€HHUsS U3 IIOPOLIKOBBIX  AJFOMOKOMIIO3HUTOB,
MOITUGHUITIPOBAHHBIX HAHOPAa3MEPHBIMU MOPOIIKAMH OKCHJAA aJFOMUHUSA, OKCHIA
IUPKOHUS, OKCHJIa MarHus ¥ okcuua kpemHus B kojumdectBe 0,01-0,15% 06. u

NOPOIIKaMH MeIM MHUKPOHHOTO pa3Mmepa B koiuyecTBe 3 % 00., BKIIOYArOIIUH



cMemuBaHue (yJIbTpa3ByKOBasi TOMOT€HHM3AIUsl B 3TAHOJE, CYyX0€ MEPEMEIINBAHUE
B [IIapOBOY MenbHUllE), npeccoBanue npu P=400 MIla u cnekanue B BakyyMme Ipu
T=650 °C B Teuenue 120 MuMH.; HOIyYeHBI OOpA3Lbl ATIOMOKOMIIO3HTOB C
OTHOCUTENIBHOM TIOTHOCTBIO 97% (3asBka Ha mateHT Ne2015116514 ot
30.04.2015).

3. Pa3pabotansl TEXHUYECKHUE yCIIOBUS TY 410002-002-07365-2015
«ATIOMUHHUEBBIA KOMITO3WIIMOHHBIM Marepuan C MHKpPOJ00aBKaMU OKCHUIHBIX
HaHOYACTHUI» U TexHojoruueckas uHcTpykuus THU TY 410002-002-07365-2015
«Usrotonenue AJTFOMHUHHUEBOTO KOMIIO3UI[IOHHOT'O MaTepuaina ¢
MHUKpOJ00aBKaMH OKCHIHBIX HAHOYACTHIDY.

4. IlpoBeneno MmopenupoBanue (B cpene ANSYS) pacnpeneneHuss KpUTHUECKHX
Harpy3oKk Ha KpbUIbYaTKe M3 pa3pabOTaHHOTO  AJFOMOKOMIIO3UTA  JIJIs
tTypbokommpeccopa rerepatopa (TKI') snepHoro peaktwBHOro nsuratens (SPJI)
TPaHCHOPTHOro 3Hepretudeckoro moxayis (TOM) ana skcnegunuu Ha Mapc,
KOTOPOE MOKAa3aJI0 MPUTOJHOCTh €r0 UCTOJIb30BaHMUS.

5. Ha mpemnpusatun ['HI[ ®I'VII «lentp Kenppima» mnpoBeaeHbl CTEHIOBHIE
UCTIBITAaHUSI Ha C)KaThe BTYJIOK U3 amomMokomnosuta Al- 1,5 % 06. Cu- 0,1 % o6.
MgO, ucnonssyeMmbix B y3nax PKT, xoropele mokaszanu 1enecoo0pa3HOCTh €ro

ITPUMCHCHUS B lI&JIBHGfIIHGM IMPpOU3BOACTRBE.

Ouenka copep:kaHus 1 0(popMIIeHUS JHCCEPTALMOHHONH PaboThI

JluccepranvionHast paboTa COCTOUT W3 BBENEHHS, ISATH IJ1aB, OOILINX BBIBOJOB U
NPUJIOKEHUH. Marepuanbsl AuccepTalvyd HU3JI0XKEHbl Ha 153 nucTax MamMHONKUCHOIO
TeKkcra, copepxar 91 pucyHok, 26 Tabnun, 4 NOPUIOKEHHUS, BKIIOYAIOT CIIMCOK
nutepatypsl U3 109 HaMeHOBaHUH.

B nepBoii raaBe naH aHanuTHYeCKWil 0030p JHUTEpaTypbl IO COCTOSIHUIO
ucciaenoBanuii B obmactu mnonyueHuss KM Ha OCHOBe alllOMMHUS, YNPOYHEHHBIX
HaHOPa3MEPHBIMU YaCTUIAMHU pa3IMYHOM TPUPOIBI U MOJY4YaeMBIX MeETOJaMH

HOpOIHKOBOﬁ METAJUTYpIruy; IMpoaHAIM3UPOBaHbl OCHOBHBIC TECHIACHIMHU U JOCTUIHYTHIC



pe3yJbTaThl;  NPUBEAEHHl  OCHOBHBIE  MEXaHMYECKHE U  JKCIUTyaTalldOHHBIE
XapaKTEPUCTUKHU ITUPOKO MpuMeHsieMbix KM.

Bo BTOpoOI¥i riiaBe 1aHo omnrcaHue UCXOMHBIX MaTepPUAIOB, METOOUK UCCIIEI0BaHMUS
U HCIOJIb3yeMOro obopynoBanus. B pabote MCIONb30BaICs MOPOIIOK aTFOMUHUS MapKu
ACJNI-4, mopomok Menu, HaHodacTuisl Al,O;, ZrO,, MgO, SiO,, H3roTOBICHHBIE
TUTa3MOXUMHUYECKUM METOIOM.

B Tpernbeii riiaBe onucaHo BIUSHUE HAHOYACTUL] U TEXHOJIOTUYECKUX MaPaMETPOB
Ha OTHOCHUTENbHYI0 IUIOTHOCTh KM um ycaaky mnpu ero chnekanuu. B mporecce
UCCIeOBaHUM OBLITH MPOBEACHBI CIIEAYIOIINE PaOOTHI:

- WM3Y4YeHBl 3aBUCHUMOCTH OTHOCHUTENBHOW IIJIOTHOCTHU M YCaJKH IOPOIIKOBOTO
ATFOMOKOMITO3UTa B 3aBHCHMOCTH OT KOJIMYECTBA M THUIA OKCHIHBIX HAHOYACTHII,
JIABIICHHUS [IPECCOBAaHMS, TEMIIEPATYPhI U JUIUTETLHOCTH CIIEKAHWS;

- U3y4YeHbl MHUKPOCTPYKTypa nmnoiyuyeHHbIx KM Ha OCHOBe aJIFOMUHWS,
YIIPOYHEHHBIX MUCHEPCHBIMU HAaHOUYACTHUIIAMH, XapaKTep paclipelefieHus HaHOYaCTHI] B
o0beMe KOMIIO3UILMOHHOTO MaTepHaa.

Meromamu pacTpoBOl W TPOCBEUUBAIOLIEH MHMKPOCKOMMUM IIOKa3aHO, HTO
HAHOYACTHULIBI OKCUIOB U MX KJIACTEPhl PAclojararTcsl MO TrpaHUllaM 3EPEeH MaTpHUIbL.
HccnenoBanne MukpocTpykTypel KM Ha muudax mokaszajio Hajaudue (GparMeHTOB
OKCHIHBIX IIIEHOK, paclpelel€HHBIX MPEUMYIIECTBEHHO I10 TIpaHulaM 3€peH.
OG6Hapy>xeHO nosiBieHue 0’-azbl BHYTPH 3€peH alIOMUHUS NPU N00aBIEHUH TOPOIIKa
MeJH.

B d4erBépTol rjaBe MNpUBENCHBI pPe3yJIbTaThl KCCIEIOBAHUA MEXaHHUYEeCKUX
CBOMCTB QJIFOMOKOMIIO3UTOB B 3aBUCUMOCTH OT THIIA ¥ KOJWYECTBA HAHOYACTHUI] OKCHIOB.

VYcTaHoBIE€Ha S3KCTpeManbHasi 3aBUCUMOCTH IPOYHOCTHBIX CBOWUCTB (MOIYJb
IOHra, mpenmen TekydecTH, mpenesnbl MPOYHOCTH Ha CXKaThe, H3THO, pacTKEHHeE,
MUKPOTBEPAOCTB) OT KoyimuecTB HaHOH00aBok (0 — 0,15 %00.).

C nomolIpl0 MUKPOMEXaHHWYECKOW MOJENd Ha OCHOBE TPaJUEHTHOU TEeOpHH
YIPYTOCTH MPOBEICHBI IIPOTHO3HBIE pacuéThl MEXaHUYECKUX CBOWCTB
AJIFOMOKOMITO3UTOB B 3aBUCHUMOCTH OT THIA U KOJUYECTBA UCIOJIb3yEMbIX HAHOOKCHUIOB

C LCIBIO IPOCKTHPOBAHUA COCTaBa KOMIIO3UTOB.



[Ipu uccnenoBanum mnpouHocTu obpasnoB KM Ha cxarue, u3rud U pacTsHKeHHe
ObU1 OOHapyXeH dKCTpeMyM B HMHTepBaje KoHIeHTpanui Hanodactui ot 0,01 mo 0,15
%06. [Jna psga HaHOZOOABOK, YTO TOBOPUT O MPABHJIBHOCTH ITPEATIONIOKEHUS
O6pasuoBa-Jlypbe-benoBa, OCHOBaHHBIX Ha I'PaIUEHTHOMN TEOPUHU YIIPYTOCTH.

s MatepuanoB 0Oe3 Jerupyronieil Meid OTMEYEHO yBEIMUYEHHE MPOYHOCTU IO
CpaBHEHHMIO C aloMHHHeM Oe3 HaHodacTull, B cpemHeM Ha 30-50% (MakcuMmaibHOE
3HaueHue 155 MIla qs Al-0,1%A1,0;). Jnst anroMOKOMITO3HTa, JISTUPOBAHHOTO MEIBIO,
yBEJIIMYEHHUE IIpelieia NMPOYHOCTU MpPU PacTSHKEHUM cocTaBwio B cpeaneMm 10-15% mo
CpaBHEHHIO C MaTepuajioM 0e3 HaHovacTul] (MakcuManabHoe 3HadeHue 340 Mlla mis Al-
Cu-0,1%A1,0; wmu ZrO,). Haubonplneid mnpemen MPOYHOCTH TPU HU3THOE IS
QIIOMOKOMIIO3UTOB OBLI OTMeueH IMpHu cojepxaHuu 1,5 006.% wmemu u 0,01 %o006.
Ha”Hoyactull MgO u cocrtaBisit ~315 MIla. Amomokommo3ut Al+Cu 6e3 HaHOYaCTHIL
MMeeT IIpeJies MPOYHOCTU Ha U3ruo, paBHbii 277 MIla.

B nsiToil riiaBe npeacTaBIeHbl IPAKTUYECKAE PEKOMEHJALUN IO UCTIOIb30BAHUIO
pE3yNbTaTOB MCCleNOBaHUM. V3roToBNIEHBI BTYJIKUA OOJTOBBIX KPEIUIEHUH U MPOBEIEHO
TBEPAOTENBHOE MOJENUPOBAHUE KPBUIBYATKU SIAEPHOTO PAKETHOIO JBUTATENS U3
AJIFOMOKOMITO3HUTA.

OueHuBas [uccepTalvio B IIEJIOM, MOXXHO OTMETUTh, YTO OHA HaIlUCaHa C
coomonenuem TpeboBanuit BAK P®, ocHOBHBIE BBIBOJBI OTPaXKalOT CYIIECTBO
NOJY4YEeHHBIX pe3ynbTaToB. PaboTa BhINMONIHEHA Ha BBICOKOM HAyYHOM YPOBHE, XOPOIIO
HamkcaHa W oQopmiieHa. 3aBepUIEHHOCTh pabOThl  MOATBEPKAAETCA  BblIAvei
KOHKPETHBIX TMpPEIJIOKEHUA U pPEKOMEHJalUid IO MCIOJB30BAHUIO TOJYyYEHHBIX
PE3yJIbTATOB B MPOMBIIIEHHOCTH, PsJl KOTOPBIX BHEAPEHBI HA MPEANPUITUSX.

OcHOBHBIE HAay4HBIE pe3yJbTaThl, H3JI0)KEHHBIE B JUCCEPTAINU, OITyOIMKOBAHEI B
13 pabotax, Bkito4ast 4 CTaThbu, U3 HUX 3 B pelIEH3UPYEMBIX XKypHallaX u3 nepeuns BAK,
8 Te3UCOB 0KIAaI0B B COOpHUKAX TPYJOB KOH(epeHIMii, a Takke | maTeHT.

3ameuanus

1. ABrop wuccnemoBan 3¢h@deKT  AWCIEPCHOrO0 YNPOUHEHHs alllOMUHHUA (C

nobaBkaMu MeIu) HAHOYACTHIIAM YeTHIpEeX OKCHAOB; OOHapy)XEHO HX pa3InyHOe



BJIMSHHUE HA TIPOYHOCTH MPHU Pa3HBIX CXeMax HarpyxeHwus. JKenatenbHO OBLIO OBl UMETH
UTOTOBBIE PEKOMEHIAIMH 10 BEIOOPY ONTHUMAILHOTO BapUaHTa YIPOYHSIOMIUX YACTHII.

2. OOBMHO JaHHBIE IO MPOYHOCTU COMPOBONKAAIOTCS pe3ylbTaTaMH UX
CTaTUCTUYECKOH 00pabOTKH.

3. ABTOp MOJIyYMJI MHTEPECHBIE PE3yNbTAThl MO HMCCIEIOBAHUIO MHKPOCTPYKTYD
KM; ux M0oXxHO 651710 651 OTMETUTH B BBIBOJIAX (& HE TOJIBKO NaHHEIE 110 pa3Mepy 3epHa).

3aMeuaHNs He CHIDKAIOT O0ILEero MoJIOKUTENFHOTO BIieYaT/IeHus 0 paboTe.

Jlucceprauus mpexacraBisieT cobOoif  3aKOHYEHHOE HaydHOe MCCIeIOBaHMUe,
BBIIIOJJHEHHOE aBTOPOM CaMOCTOSITENIbHO Ha BBICOKOM YpPOBHE Ha aKTyalbHYIO TEMY.
[lonmy4yeHHbIE aBTOPOM pE3yNbTATHI SIBISIFOTCSI HOBBIMH, OOOCHOBaHHBIMH, JIOCTOBEPHBIMHU
U MUMEIOT NMpaKTHYeCKoe U Hay4dHOe 3HadeHue. Jluccepraiuisi HamwcaHa JIOTHYHO, CTHIIb
U3JI0XKEHUS  YNOBJIETBOPUTENbHBIM.  ABTOpedepaT  HOJHOCTBIO  COOTBETCTBYET
COZIEPXKAHUIO JUCCEpTallUy, a OMyOJIMKOBaHHBIE aBTOPOM €IMHOJIMYHO M B COABTOPCTBE
paboThl [AIOT [OCTAaTOYHO TIOJIHOE TMpEACTaBlIieHHe 00 OCHOBHBIX pe3yJbTaTax
HUCCIIeNOBaHUM.

Pe3ynpTartel paboThl MOTYT OBITH HCIIONB30BaHBI B HAyYHO-HUCCIIEOBATEIBCKUX
OpraHu3alysaX, 3aHATBIX B OOJAcCTH HCCIEeNOBaHUM U pa3pabOTOK JAMCIIEPCHO-
ynpo4HEHHBIX amoMoMatpuuHbeix KM, takux kak UMET PAH, HUTY «MUCuC», OAO
«BWNJICy», a Takxe npu pazpaboTke y4eOHBIX KYpCOB MJISi CTYJIEHTOB M acCIHPaHTOB,
obyuaronuxcst o creuuanbHocTH «[loporkoBass MeTaJUTyprusi U KOMITO3MIIHOHHBIE
MaTepHably.

3ak/ouenne

Hucceprauvonnas pabora Arypeea JLE. cOmepXuT pe3yibTaThl, HMEIOIIUE
Hay4YHYI0O HOBU3HY M TIPaKTUYECKYI0 3HAa4MMOCTh, COOTBETCTBYET MaCIOPTY
cnenyanbHOCTH 05.16.06 — «IlopomkoBa MeTamyprust 1 KOMIIO3UIIMOHHBI MaTepHAIIbD)
1 OXBaTBIBAET CIEAYIOLINE 00JIACTH UCCIIENOBaHMUSI, IPEYCMOTPEHHBIE MTACTIOPTOM:

- U3y4yeHUE CTPYKTYphl H CBOWCTB IIOPOIIKOBBIX, KOMITIO3ULIMOHHBIX
nonyhabpukaToB W  U3JENHNA, TOKPBITHH MW MOOU(PHUIUPOBAHHBIX CJIOEB Ha
nonydabpukarax U U3AENHSX, MMONYYSHHBIX METOJOM IOPOIIKOBOM METAJUTypTUH HITH

IOPYTHMH criocobamu;



- pa3paboTKa HOBBIX U COBEpLIEHCTBOBAHUE CYLIECTBYIOIIMX TEXHOJIOTMYECKUX
IIPOIIECCOB TMPOU3BOACTBA, KOHTPOJS U ceprudukanuy nonypabpuKkaToB U U3AENUN
Pa3IMYHOTO Ha3HAUYEHMsS W3 TOPOIIKOBBIX M KOMIIO3WIIMOHHBIX MaTE€pPHAIOB, a TaKXe
MaTEepPHAJIOB U U3JENIUI C TOKPHITUIMHU ¥ MOAU(DULIUPOBAHHBIMU CIIOSIMH.

B memom cumraro, uto muccepranuoHHas padora ArypeeBa JLE. «Paspabotka

crocoba IOTyYEHHs aTFOMOKOMIIO3MTOB BBICOKOM IIPOYHOCTH MOIUGUIIMPOBAHUEM

MHUKPOJI00aBKaMHU MMOPOIIKOB HAaHOOKCHUIOB» MMpeacCTaBIIACT coboit Hay4HO-

KBaTH(UKALMOHHYIO paboTy, B KOTOpOH pelieHa mnpobiemMa TEeXHOJOTHH IUCIEPCHOTO
yIpo4YHeHus anomMoMaTpuuHbix KM ¢ mprMeHeHrneM nopoIkoBoi Metautypruu. Pabora
COOTBETCTBYET KDHUTEpPUSIM, YCTAaHOBJIEHHBIM lloJIO)K€eHHEM O MOpSAKE MPUCYXACHUs
yu€HbIX cremeHedt (m. 9), a e€ aBTop ArypeeB JleoHunm EBreHpeBUY 3acinyXuBaeT
IPUCYXICHUS eMy YUYEHOM CTENEeHM KaHAUAaTa TEXHUYECKUX HAyK IO CIELUAIBHOCTU

05.16.06 ITopomikoBast METaJLTyprus U KOMIIO3UIIMOHHBIE MaTEPHAIBL.

OT13BIB, COCTaBIEHHBIA [OKTOpOM TexHudyeckux Hayk Kanamuukoseiv W.E.,
3aciyliaH M oJoOpeH Ha 3acefaHuu cekuuu «Heopranwueckas XUMHSI U KepaMUYECKUE
Matepuaisl» YuéHoro coera UMET PAH, npotokon Ne 5 ot 29 oktsabps 2015 roga.

PGS}’JII)TaTI)I TrOJIOCOBAHU: «3a» €CAUHOIJIACHO.

CocraBuTens OT3bIBA, A.T.H. % ' Kanamnukos NLE.
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