OT3hbIB
o(ULHANBHOTO ONIOHEHTA
Ha JMCCepTAlMOHHYI0 paboTy Arypeesa Jleonnna EBrenpeBuua
Ha TEMY:

«Pa3paboTka cnoco6a nmosyyeHHs a1I0MOKOMIIO3HTOB BBICOKOH MPOYHOCTH
MOAH(HIHPOBAHHEM MHKPOA00aBKaMH MOPOILIKOB HAHOOKCHAOBY,
IIPENCTaBICHHYI0O Ha COHUCKaHWE YYEHOW CTENeHW KaHAWIaTa TEXHUYECKHUX HayK IO
crienuansHOCTH 05.16.06 — IlopoiikoBas MeTALTyprusi 1 KOMIO3UIIMOHHBIE MaTEepPUAIIB
B juccepraimoHHbld coBeT J[ 212.132.05 nmpu HamuoHansHOM ucCCIIeIOBaTEIBCKOM

TCXHOJIOTUICCKOM YHUBCPCUTETE «MOCKOBCKHUI HHCTUTYT CTaJIKd U CILJIaBOB»

CoBepIleHCTBOBaHUE TEXHUKH HEBO3MOXXHO 03 MOCTOSIHHOTO Pa3BUTHSI CIIOCOOOB
CO3/IaHUSl HOBBIX MAaTEpUaOB M TEXHOJOTMA ux mnomydeHus. OOHMM U3 Takux
NPOrPECCUBHBIX CIIOCOOOB SIBISIETCS MOJTy4YEHUE NUCIIEPCHO-YIIPOYHEHHBIX MaTEPUAJIOB
METOAaMU TOPOIIKOBOM METATypruu. SIpKuM MNpUMEpOM MOJOOHBIX MaTEpUaIOB U
TEXHOJIOTHH SIBUJIOCH CO3J]aHKe B IPOILIOM BeKe KOMITO3UIIMOHHBIX Marepuanos (KM)
Ha ocHoBe amoMuHus tuna CAIl u Ha ocHOBe HuKens Tuna T/[-Hukenb. XapakTepHOU
ocobeHHOoCThI0 MHOTHX KM siBNsieTcsl MpUMeHeHHe B KadecTBe YIMPOUHSIONINX 100aBOK
OKCHUIHBIX YaCTHIlI B 3HAYHMTEIBbHBIX KOJWYECTBaX (€AMHULBI U OECITKH OOBEMHBIX
OPOLEHTOB), YTO NPUBOAUT K CYIIECTBEHHOMY MOBBIIIEHUIO IIPOYHOCTH, HO
COIIPOBOXKIAETCS MaJleHueM IutacTUYHOCTU. [loaToOMy mocTaBieHHas W, cpa3y OTMedy,
pelieHHass B JaHHOW paboTe 3amaya W3ydeHHWs BIUSHHUS BBEIEHUS MUKpPOJ00aBOK
OKCHUHBIX YaCTHUI] HAHOAWCIIEPCHOTO  pa3Mepa Ha (QOpMHpOBaHHE CTPYKTYyphl H
coiictBa KM Ha OCHOBE allOMUHUS M pa3pabOTKH Crioco0a MOTydeHUs U3AENUNA U3 HUX
SBIISIETCS , HECCOMHEHHO, aKTyaJbHOM.

JluccepTansi COCTOMT W3 BBENEHHS, ISTH TIJiaB, OOIIMX BBIBOJOB U CIIHACKA
IMUTHPYEMOU JIUTEpaTypsl, comepxaitero 109 nmamMmenoBanuil. OObeM auCCEpPTALAUA —
153 cTpaHuIBl MAITMHOMIUCHOTO TeKCTa, 91 pUCYHOK, 26 TabnuL, 4 MPUITOKEHUS.

Bo BBenmeHUH paccMOTpeHBI HEKOTOphIe HampaBiieHus mo npuMeHeHuto KM Ha
AIIOMUHUEBOW OCHOBE ISl U3TOTOBJIEHUS psAfa AeTajieil, paboTaroluX B KOHCTPYKIUAX
KOCMHYECKUX allapaToB, aBHAIIMOHHON M JPYrHMX O0JacTsX TeXHWKHU. Llenb maHHOM
paboTel chopMyiupoBaHa aBTOPOM Kak «pa3paboTka cmocoda  yNpOYHEHHUs
QIFOMOKOMITO3UTOB BBOJOM MHKpoao6aBok (0,01- 0,15) % 06. OKCHAHBIX HaHOYACTHI]
(ALLO3,ZrO,, MgO, SiO,)». Jl1s ee MOCTHXKEHHUS ONpeaesieH psiji 3a1au UCCIIEeI0OBaHus, U3
KOTOPBIX OCHOBHBIMHM BBIZICICHO HW3Y4Y€HUE BIMSHUS NPUPOABI U  KOJIUYECTBA
MHUKPOJI00aBOK OKCHUIOB Ha TIPOIECCHl YIUIOTHEHHUS IPU XOJOJHOM IIPECCOBAHMM U

CIIeKaHUHU, CTPYKTypy M cBoiictBa KM Ha OCHOBe allOMUHHUS W CIUIaBa AJIOMUHHUNA —
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PaccMOTpeHbl BO3MOXHOCTH KOMIIBIOTEPHOTO MOJEIUPOBaHUA C IPUBJIEYECHUEM
IPaieHTHON MoOIeIn MeX(}a3HOro CIIosl O IIPOrHO3MPOBAaHMsA YPOBHS CBOMCTB
QJIFOMOKOMIIO3HUTOB.

B Hay4HO-TexHHYecKOM 0030pe (rmaBa 1) mocTaToyHO MOAPOOHO PacCMOTPEHEI
cBeleHMs 0 KoHcTpyupoBaHud KM, B ToMm ducie Ha ocHOBe amroMuHus. IlokaszaHo, 4To
ocHOBHBIE cBeieHHs 1Mo KM Ha OCHOBe alfOMHUHUSI OTHOCSITCSA K QJIFOMOKOMIIO3UTaM CO
3HAUWTENBHOUW JOJIEW YIpOuHsIOmel Gas3bl, CBeleHHH O BIUSHUM MHUKPOJ0OaBOK
yIpOoYHSIOmeH a3kl HAaHOMETPUYECKUX pa3MepoB Ha (OPMUPOBAHUE CTPYKTYpPhl U
coiictBa KM upesBeruaiino mano. O6cyxieH BEIOOp MaTepHala yIpOdHSOMUX (a3 u
METObI MX IOJYYEeHHUs B BHJE AUCIEPCHBIX (AecsiTku HaHoMeTpoB) dacTul. Ocoboe
BHHUMaHHUE YyIEIeHO PACCMOTPEHHUIO BIUSHUS T.H. MeX(pa3HOTO CIOs Ha YIPOYHEHHUE
MaTpuiiel KM (B paMKax TpaJWeHTHOW MOJeNHd) W BO3MOYKHOCTH IIPOrHO3UPOBAHUSA
YPOBHSI CBOMCTB C HCIOJB30BaHUEM MOJEIMPOBAHMS B PaMKax 3TOI0 aHAIUTHYECKOrO
0JX0/1a.

Bo Bropoli rnaBe mIpuBENEHbI CBENEHUS, KacarolIhecss COCTaBOB MAaTEpHasIoOB,
MpUMEHEHHBIX B paboTe TexHoJormdeckux cxem nonydeHus KM, a Takxke METOIUK HX
uccienoBanus. B kadectBe Matpuibl KM HCIoNb30Baiy allOMUHUMA (IUCIEPCHOCTBIO ~
20MkM) U cMmech amoMuHuR -1,5% 00. Memu (IuUCmepcHOCThIO ~ IMKM) B BHIE
COOTBETCTBYIOIINX MOPOIIKOB.

B kadectBe ympounstoriei (as3pl ObUTH BRIOpaHBI YacTUIlBl OKCHAOB Al,O3 ZrO,,
MgO u SiO,, U3roToBIEHHbIE LIa3MOXHUMUYECKHM METOIOM, IpudeM 4dacTullbl Al,Os
ZrO; mony4eHsbl ¢ y4acTHeM aBTOpa MPpH NMPOBEICHUU JaHHON paboThl. Jlanee mo cxemam,
OOBIYHBIM B TOPOIIKOBOW METaJUTypruH, MPOBOIMIA MOJy4YeHHE IIUXTHI, XOJIOAHOE
IIpeccCOBaHUe U CIIEKaHWe 3aroTOBOK U3 ykazaHHbIX KM. CienyeT OTMETUTh, 4TO aBTOPOM
IpPUMEHEHbl JOINOJHUTENbHBIe, OTIMYHBIE OT OOBIYHO HCIOJB3yEeMBIX, MEpBI,
CIOCOOCTBYIOIIME YMEHBIISHHIO arperaluyd IOPOIIKOB C OOpa3oBaHMEM KpPYIHBIX
KJIaCTE€POB U3 UPE3BBIYANHO JUCIIEPCHBIX U CKIOHHBIX K CIUIMIAHUIO YACTHUI] OKCUIOB.

Hns  uccnepoBaHus MOPQOJOTHH H  CTPYKTYpHl HCXOOHBIX MaTepuasios,
TEXHOJIOTUYECKUX CBOWCTB U CTPYKTYpBHl HpeccoBOK H credeHHbIXx KM, ypoBHA
MEXaHUYECKUX M OKCIUIyaTallUOHHBIX CBOWCTB B paboTe MpUMEHEH MIMPOKUA Kpyr
B3aMMOJIOTIOTHSIOIINX METOIUK UCCIIeI0BaHUSI.

B rmaBe 3 paccMoTpeHBl 0COOEHHOCTH Mpolecca IUIa3MOXUMHUYECKOr0 CUHTE3a
YIPOUHSIOIINX OKCUIHBIX HAHOYACTHII, & TAK)Ke BIUSHUE TEXHOJOTUYECKUX TapaMeTpOB
Ie(OpMaIIOHHOTO YIUIOTHEHHUS (BENMYMHBI JABICHUS IPU XOJOAHOM IPECCOBAHWU) U
CIIEKaHUs (TeMIIepaTyphl U JUIMTENbHOCTH) Ha ycaaky KM Ha ocHOBe aTFOMUHUS U CMECH
QIIOMUHUSA U Meau. BBIABIEHB 3aKOHOMEPHOCTH BIIMSHHS NPUPOIBI U KOJIWYECTBA

BBOJMMBIX HAHOYACTUI Ha ycanky KM u ux cTpykTypy.



[TonpoGHble uccnenoBaHus (QopMHpoBaHUST MHUKpOCTpyKTypsl KM Ha ocHOBe
QIIOMUHUS M CIUIaBa AJTIOMUHUR-MeNb NpPU BBEJEHUU paA3JIMYHBIX [0 IPHUPOJE MU
KOJIMYECTBY HAHOYACTML[ IO3BOJWJIM YCTAaHOBUTH OCHOBHBIE TEXHOJIIOIHYECKHE
mapaMmeTphl poliecca KOHCOMUAAIMY NpU CrieKaHuH, HeoOxoaumsble 1 nonyderus KM
C OTHOPOJIHOM CTPYKTYPOM.

YerBeprass rnaBa IIOCBALIEHA MW3JIOKEHUIO  PE3yJbTaTOB  MCCJIENOBaHUS
9KCIUTyaTallMOHHBIX cBOMCTB KM Ha OCHOBe alOMHUHHMS M €ro cCIjaBa C MeJblo,
YIPOYHEHHBIX HAHOpPa3MEpPHBIMM YaCTHLIAMHU. Y CTAHOBJIEHBI 3aBHUCHUMOCTL Dpsla
MeXaHHYECKHX CBOWCTB (MOMYJISI yNIPYTOCTH, MPEEIOB MPOYHOCTH Ha C)KaTue, U3rubd u
pacTshHKeHUs, MHKPOTBEPAOCTH) U JKAPOCTOMKOCTH OT KOJHMYECTBA BBEIEHHBIX
HaHOpPa3MEPHBIX YaCTHII. Y CTAHOBJIEHO, YTO B 00acTu MUKpoKoHIeHTpanuii (ot 0,01%
o 0,15% 06.) ynpoyHSIOIMIMX YacTULl 3aBUCUMOCTH YKa3aHHBIX MEXaHUYECKUX
XapaKTEePUCTUK UMEIOT IKCTPEMaNIbHbIN XapakTep.

Ha ocHOBe MuKpOMeXaHHYECKOW MOJeNU, IOCTPOCHHOW C MPUMEHEHHEM
IpPalUeHTHOM TEOpPUM YIPYTrOCTH, BBINOJIHEHO aHAJUTUYECKOE IIPOrHO3MPOBaHUE
MEXaHUYECKHUX CBOMCTB aFOMOKOMITO3UTOB B 3aBUCUMOCTH OT COJEPIKAHUSI HAHOYACTHIL.

B rnaBe 5 npuBeneHs! pe3ynbTaThl NPAKTUYECKOTO OMPOOOBaHUS MPEIIOKEHHBIX
COCTaBOB M PEXHUMOB ToTy4eHus uznenuit u3 KM Ha ocHoBe amomuHust. OnpoboBaHue
II0Ka3aJ10 BEICOKUI yPOBEHBb CBOMCTB U3/IENIMH, UTO MMOATBEPXKAAET MPABUIIBHOCTH BBIOOpA
pexxumoB nonydeHuss KM. HoBaTopcTBO mNpemioKeHHBIX TEXHUYECKHUX pPELIEeHUN
IIOATBEP)KIAETCA 3asBKOM Ha TMaTeHT. Pe3ynpTaThl MPOBEAEHHBIX MCCIIEI0BAHUN
BHeJpeHbl B ' HI[ ®I'VII «Llentp Kenppima» B TEXHOTIOTMYECKUN POLECC U3TOTOBIIEHHUS
THUIIOBBIX BTYJIOK OOJTOBBIX KPEIJICHW, YTO MOBBICHIIO HAAEKHOCTh U pecypc pabOThbl
uznenuid. Taxke B 3TOM ri1aBe coOOOLIaeTCs O MEPCIEKTUBHOCTY IPUMEHEHNUS PE3YJIETATOB
JAHHOTO MCCIIENOBaHUsS Ul U3TOTOBIIEHUS LIEJIOT0 psiia AeTalel Ul UCIOIb30BaHuUs B
PaKeTHO-KOCMUYECKON TEXHUKE.

OTU CBelNEHUs CBUAETEIBCTBYIOT 0 BBICOKOIL IPaKTUYECKOM LEHHOCTH
IHUCCepTallMOHHOM paboThl. OCHOBHAs HAy4Has HOBU3HA IIPEICTABICHHOT0 UCCIIEIOBAHNUS
3aKIJII0YAETCS B YCTAHOBJIEHUHU 3KCTPEMAJIBHOTO XapaKTepa U3MEHEHUSI MEXaHUYECKHX, B
IIEPBYI0O O4Yepeab IPOYHOCTHBIX, CBOMCTB aJIIOMOKOMIIO3UTOB OT KOHILIEHTpPALUU
MHKpOJ00aBOK OKCUJHBIX HAHOYACTHIL, UTO coracyercs ¢ Teopueit ynpounenuss KM npu
MaJblX KOHLEHTPALUAX YIPOYHSIOUMX 4YacTULl U OOBsCHseTcs (opMUpOBaHUEM
HAIPsDKEHHOIO IIOJs1 BOKPYr dacTUll. JIpyruM HaydHBIM JOCTH)KEHHEM SIBISETCS
IPEUIOKEHHAsT KOMIIBIOTEPHAsT ONTHUMM3Al[MOHHAs MOJENb OLIEHKM IPOYHOCTHBIX
cBoiictB KM, peanu3oBaHHast B COOTBETCTBUU C TOJIOXKEHUSIMU TPaJUEHTHON TEOpPUH
YIPYTOCTH.



3aMeuaHUs U MpeAIoKeHus o pabore:

1. Henp3s cormacuThes €O CIEAYIOMKUMHU YTBEPKACHUSIMU:

(ctp. 76, 93): oOBoNakWBaHWE YaCTHIl ATIOMUHHUS HAHOYACTULIAMU TPOUCXOIUT
«Onaromapsi ux OONBLIONW TOBEPXHOCTH» — OOBOJAKHMBAaHUE IPOUCXOOUT W3-3a
BBICOKOM MOBEPXHOCTHON YHEPTHH HAHOYACTHII;

(ctp. 76, 93): «HAHOpa3MEpHBIE YACTHUIIBI IO IPUYUHE CBOEH OOJIBIION TOBEPXHOCTHOMA
SHEpPIUH BBI3BIBAIOT CHJIbHBIC HCKKEHHUS KPUCTAJUIMYECKON PEIIeTKHA ATFOMUHUS —
KakoBbl (hakThl, MOATBEpXKIAOIIME Takoe yTBepkaeHue? Pesynpratel POA,
IpUBEJEHBI B JaHHOU paboTe (cTp. 72), OMPOBEPTarOT 3TO YTBEPKACHHE.

(ctp. 77, 94): BnusHUE 3TaHONA, B KOTOPOM MPOBOJIMIA CMEIIMBAHHE KOMIIOHEHTOB
IIAXTHI, CKA3bIBAETCA Ha YCaJKy NpU CIEKaHUU MPECCOBOK — CIEKaHUe MPOBOIAUTCS
npu temnepatype 650°C, T.e. 3HaUUTENBHO BBIIIIE TEeMIIEPaTypPhl UCIIAPEHUS] 3TAHOJIA.

2. (ctp. 80): Henp3s cormacuThCs ¢ MPEIONIOKEHHEM O TOM, 4TO Oojiee BBICOKHE
3HayeHnss ycaaku B KM Ha ocHoBe Al-Cu mo cpaBHenuto ¢ KM Ha ocHoBe Al
«CBUJETENBCTBYIOT 00 aKTUBallMd TMIpU CIEKaHWW TMpPU  3epPHOIPAHUIHOM
IPOHUKHOBEHUHU JierkoryaBkoil no6aBku Cu u 06 oOpazoBanuu O-dazen». Ilpu
temneparype cnekanus (650°C) KM Ha ocHoBe Al-Cu mpoucxomuT B3avMHas
T Py3ust MAaTPUUYHBIX SJIEMEHTOB ¢ 00pa30BaHUEM B IPEISTHHOM Cllydae O-TBEpPIOTro
pacTBopa Ha ocHOBe amoMmuHMs. Hamuume O-¢aspl B cTpykType credeHHbIx KM
00BSICHSIETCS paclagoM O.-TBEPAOTr0 PacTBOpA MPH OXJIAXKICHUH TTOCIe CIIEKaHusI.

3. Takxe Henb3sl COINIACUTHECS C OOBSICHEHHEM IMOBBIIEHHON apocToiikocty KM Ha
ocHoBe Al-Cu kak «Bo3HUKHOBeHHeM 30H [ 11, a Taxxe popmuposanuem ¢azsl CuAl,
1o rpaHulaM 3eped Matpuilel». [Ipu temmeparype ucrnbeitanuii (600°C) ykazaHHbIe
CTPYKTYpPHbIE COCTaBIISIOILIHE OTCYTCTBYIOT.

4. VImeroTcs HETOYHOCTH B 3HAUCHUSAX 00BEMHOM yCaIKH, IPUBEAEHHBIX B Ta0J. 3.4 1 Ha
puc. 3.10, 3.13 qy1s OIHUX U TeX ke 00pas3loB;

Ha rpaukax, WUTIOCTPUPYIOIIUX H3MEHEeHHe ITUIOTHOCTH Mpu criekanuu (puc. 3.10,
3.13) u mpouHOCTHBIX cBOMCTB KM 0T coneprxkanust HaHO4YacTHIl (puc. 4.4 — 4.6), He
yKa3aHbl BEJIMYUHBI pa3dpoca u3MepeHuH.

5. (ctp. 104): Bxinan B ynpounenue KM, 00ycioBIEHHBIN pa3iudreM B KOG GUIIIEHTaX
TEPMUYECKOrO PACIIMPEHUS MAaTPUILBI M OKCUIHBIX YaCTHII, yKa3aH KaK CBS3aHHBIN C
pasnuuueM B K03 UIMEHTaX TEeIUIONPOBOJHOCTH, BEPOSITHO, OLITMOOYHO.

6. (ctp. 57-65): Hanuume HewmH(OPMATUBHBIX CBEICHUN TPU ONUCAHUU METOJUK
uccienosanuil  (dotorpaduit nmpuOOPOB, CTAaHAAPTHBIX pACUYETHBIX (QOPMYII,

HallpuMeEp, IIpU ONPEACIICHUHN ITIJIOTHOCTH METOJAOM I'MAPOCTATHUYCCKOT'O B3BEIIMBAHUSA



6. (ctp. 57-65): Hammume HeWH(DOPMATHBHBIX CBEIEHHWM IIPU OIMHUCAHUH METOIUK
uccnenopaHuii  (pororpaduit mpUOOPOB, CTAHAAPTHBIX pacUeTHBIX (HOpMyII,
HalpuMep, [pU  ONpPENeNeHUH IUIOTHOCTA  METOJOM  THUIPOCTATUYECKOTO
B3BEIIMBAHUSA W TBEPAOCTU NpPU BHEAPEHUU HHIAEHTOpa). BeposaTHO, MOCTaTOYHO
OBUIO OrpaHMYUTHECS MEPEeUYHCIeHHEM METONOB C yKa3aHHWEM COOTBETCTBYIOIUX

CTaHIapTOB.

CrnenaHHble 3aMe4aHUsl He CHUXKAIOT HAYYHBIH YPOBEHb M BBICOKYIO MPAKTUYECKYIO
3HaYUMOCTh [IACCEpPTAllUH, HE WM3MEHSIOT ee OOIIed TMOJOXUTEeNbHOU oleHKu. s
IUCCEepTaHTa XapaKTEPHO MOAPOOHOE U JOKa3aTebHOe U3JI0’KEeHHE MaTepruaaoB paboThIL.
TimarenbHBIA aHATU3 PE3YIHTATOB, IPUMEHEHHE PA3HOOOPA3HBIX B3aMMOIOTOJIHSFOLINX
METOJUK, CONOCTAaBIEHHE C TEOPETHUYECKUMU M IKCIIEPUMEHTAIBHBIMU JaHHBIMU B
JUTEpPaTyPHBIX HUCTOYHHUKAX MOJITBEPXKIAIOT T0OpOTHOCTH BBITIOJTHEHHOTO
UCCIIeJOBaHMUSI.

Martepuan nuccepTalli XOpOIIO CHUCTeMaTU3HpOBaH U odopmiieH. ABTopedepar
JUccepTald U MyOJMKallMd aBTOpa IIOJIHOCTHEO COOTBETCTBYIOT €€ COJIEP)KaHHUIO.
OcHOBHBIE pe3yJbTaThl JUCCEPTALIMOHHON paOOTHI SIBISIFOTCS HOBBIMH, TOCTOBEPHBIMH U
aKTyalbHBIMH, OITyOJMKOBAaHHBIMH B PEIIEH3UPYEMBIX HAYYHBIX H3AHHUAX, BXOISIIUX B
nepeueHs BAK.

Huccepranys sABISeTCd 3aKOHUYEHHOW HAy4YHO-HCCIENOBATENIbCKOW paboToid,
cooTBeTCTBYET II. 9 «IlomoxeHus: 0 MpUCYKACHUHN YUEHBIX CTENEHEeW», YTBEPKIEHHOTO
nocraHoBienreM I IpaButensctBa PO oT 24.09.2013r. Ne 842.

HucceprannonHas paboTa yaoBieTBopsieT, Oe3ycioBHO, TpeboBanusm BAK,
IIPEeIBbABISEMbIM K KaHAMJATCKOM guccepTanuu 1mo crnemnuaibHoctd 05.16.06 —
IloporkoBasi MeTaJLUTyprusi U KOMIIO3UITHOHHBIC MaTepHaJIbl, & €€ aBTop,

Arypees Jleonun EBreHbeBud, 3aciTy’)KMBaeT NMPUCYXKICHUS YIEHON CTEIIEHW KaHIUOaTa

TCXHUYECCKHUX HAYK I10 JIAHHOM CTeIMallbHOCTH.

OdunuanbHbIi OMMOHEHT:
HayvaJIbHUK JIA0OpaTOPHUH METALIO(DU3NIECKIX

uccnenopanuiit OAO «BUJIC», k.T.H., C.H.C. g
V7.

?75 E.A.Kanytkun

OT3bIB HauaNbHUKA Ja00PaTOPUH METALIODU3ZHYECKUX UCCIIeIOBAHUI
OAO «BUJIC» 3aBepsiro.
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