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OT3bIB BEAYHUIEN OPTAHU3AILIMHU
deepajabHOrO rocyJapCTBEHHOTO OI0/IKETHOTO 00pa30BaTEIbHOIO YUPEKAECHUS
BBICIIIETO TTPOod)eCCHOHANBHOT0 00pa30BaHus
«MATH — Poccuiickuii rocy1apcTBEHHbBIH TEXHOJIOTHYECKHM
ynusepcuteT uMm K.O. [{uonkosckoroy»

Ha nuccepraruro I a3uzosa Mapata Pa3zudosuua Ha Temy «BiausHue TUThS U
TEPMOMeXaHU4YeCKOH 00pabOoTKH Ha CTPYKTYPY U MEXaHUYEeCKHUE CBOMCTBA CIIJIaBa
Al-Cu-Mg-Ag», npeCTaBIeHHYIO Ha COUCKAHHE YUEHON CTENeHU KaHIu/1ara
TeXHUYECKHMX HayK 1o cneunanbHocTi 05.16.01 — MeraiuioBeieHue u
TepMuyecKas 00padoTka MeTallJIOB U CIJIaBOB

Huccepranmonnas pabora [azuzoBa M.P. mnocesiieHa uccleloBaHUIO
BJIMSAHUS ~ JUThS, TEpPMHUECKOM M  TepMOMeXaHH4YecKod  o0paboTok ¢
UCIIONB30BaHMe OONbIIMX IUIacCTHUeCKHX JedopManuii Ha MHKPOCTPYKTYpPY,
(ha30BbIH COCTAaB U MEXAHUYECKHE CBOMCTBA TEPMOYIIPOUHSAECMOI'O aTIOMUHHUEBOrO
crtaB cucrembl Al-Cu-Mg-Ag ¢ mukpojobaskamu Sc, Zr u Ge.

AKTyaJIbHOCTb TeMbl JHCCePTALHH

AxTyanbHOCTL paboTbl 00ycllOBIEHA TeM, YTO BIEpPBbIE OBLIM MOJyYEHBI
cucTeMaTUieckre naHHble 0 cTpykType Al-Cu-Mg-Ag cnnasa ¢ MUKpoaoOaBKamMu
Sc, Zr n Ge mocne JNWThs W BIWsIHAE Ha He€ TOMOTEHH3ALMOHHOTO OTKHUIAE.
Pe3ynpTaThl 3BOJIFOLIMH MUKPOCTPYKTYPHI B Ipoliecce IUTACTHUECKON TedopManuu ¢
OONBIIMMHU CTENEHSMU M TOCJIEAYIOLIEr0 TEPMUUYECKOIO BO3ACHCTBHS I0O3BOJIMIN
pazpaboTaTh crnocod MOBBIIIEHUS TEXHOJOTHUECKON TIIACTUYHOCTH NoTyhadpukaTos
M3 JIaHHOTO Marepuana M YCTaHOBUTH MEXaHM3MBI, OTBETCTBEHHBIE KaK 3a
U3MellbueHNe CTPYKTYPBbL, TaK U 32 T0C/IeI0BaTeIbHOCTE (ha30BbIX IPEBpalIeHHH MpH
OONBIIMX TUIACTHYECKUX JeopMalusX U TMocleayroleM crapeHuH. M3ydenue
BIIMSHUSI PEXXUMOB TepMOMEXaHHYecKol o0paboTKHM Ha MeXaHW4YeCKHE CBOMCTBa



MaTepuaia, CTPYKTYpy M TOCJIEI0BaTeNIbHOCTh BBIIEICHUS (a3 MpPU CTapEeHUU
MO3BOJISIET HE TOJIBKO YCTAHOBUTH PEKUMBI 00paOOTKH, KOTOphIE 0OeCceunBaroT
BBICOKYIO KPaTKOBPEMEHHYIO TMPOYHOCTh B COYETAHUU C YJIOBIETBOPHUTEIHLHOMN
MJIACTUYHOCTBIO, JINOO BBHICOKYIO JTOJITOBPEMEHHYIO MTPOYHOCTh U BBICOKHM Mpezen
MOJI3Y4ECTH, HO M YCTAHOBHUTH IMOCIIEIOBATENFHOCTD (PA30BBIX MPEBPAIICHUN MPH
CTapeHUH CUIbHO1e(hOPMHUPOBAHHOTO cIutaBa cuctemMbl Al-Cu-Mg-Ag.

Pe3ynpTaThl N1aHHON paOOTHI MO3BOJSAIOT CO3/1aTh LEIOCTHYIO KapTHHY 00
U3MEHEHHUSIX B MHUKPOCTPYKType u (azoBom coctaBe Al-Cu-Mg-Ag craBa kak
MOCJI€ KPUCTAJUIM3AIMU U MOCIEAYIOIEeM FOMOTEHU3AIIMOHHOM OTXKUTE, TaK U B
mpoliecce IUIACTHUYECKOW JaepopMalud METOJIaMU PaBHOKAHAJIBLHOTO YIJIOBOTO
npeccoBanus (PKVII) npu npomexyTOYHBIX TeMIlepaTypax, a TakXKe XOJOJHON
NPOKATKH W TOCTEAyIoUeM cTapeHuH. DakTUYeCKH B MPOLIECCE BBIMOJTHEHUS
paGoThl OblTa MONy4YeHAa KOMIUIEKCHAs KapTWHA BIIMSHHUS MHKpPOJIETUPOBAHUS,
PEKUMOB TEPMOMEXAaHMYECKOW OO0pabOTKM Ha  MEXaHHMYeCKHE CBOWMCTBA
MaTepuanga, 4YTo OOYyCJaBIMBAE€T AaKTyaJlbHOCTh pPabOTBl C TOYKH 3pEHUS
IIPOMBITIIUIEHHOTO Hcnoib30Banus Al-Cu-Mg-Ag ciiiaBoB B aBUaCTpoeHUH. Takum
00pa3oM, aKTyaJIbHOCTb JUCCEPTALMOHHON paOOTHI HE BHI3BIBAET COMHEHUM.

B pesynbpTaTe aHammza MMEIONIUXCS JIMTEPATYPHBIX JAHHBIX HCCIEIYEeMOTO
HanpaBienuss [azuzoBa M.P. Obuia cdopmynupoBaHa ciedyromas —1elb
JIMCCEPTAIMOHHON pabOThl — YCTAHOBUTH BIUSHUE JIUTHSA, TOMOTEHU3AIIMOHHOTO
OTXKUTa W TEPMOMEXAaHMYECKOW OOpabOTKM C HCHOJB30BaHUEM OOJBIINX
TacTUdeckux  aeopmanmii  Ha  MUKPOCTPYKTYpY, (a3oBbIi  cOCTaB U
Mexanudeckue corctBa Al-Cu-Mg-Ag crinaBa ¢ mukpoao6aBkamu Sc, Zr u Ge.

JUis OCTHKEHUSI TIOCTaBJIEHHOM 1enu ObUn chpOpMyIHpPOBaHBI CIIEAYIOLINE
3aJlauu:

l. N3yuuts ocobeHHOCTH (OPMUPOBAHUS MHUKPOCTPYKTYpbl H  (ha30BOTO
coctaBa Al-Cu-Mg-Ag cmiaBa B TUTOM U TOMOTE€HHU3UPOBAHHOM COCTOSTHUSX.

2. Oueuntyr BausHue TMO ¢ ucmodn3oBaHWeM  OOJBIIMX — CTEIIEHEH
nedopmarun (1o 80%) mpu KOMHATHOM TeMIlepaType Ha MHUKPOCTPYKTYPY,
MOCJIEIOBATEILHOCTh BBIJICTICHUST (Da3 MpH CTApEHUM W MEXaHWYECKHE CBOMCTBA
Al-Cu-Mg-Ag cnuaBa.

3. YcraHoButhb BiusHHE MOp(oOIOTMM HYACTHII pa3TUYHBIX (Pa3 Ha
3aKOHOMEPHOCTH M MEXaHU3Mbl (HOPMHPOBAHUS MEITKO3EPHUCTON CTPYKTYpPHI H
dazoBoro cocraBa Al-Cu-Mg-Ag cmnaBa B mpoliecce aedopManvii METo0M
PKVII npu noseimennsix Temneparypax (7~0,4...0,5Ty).

4. UccnenoBats Mexannyeckue cBoiictBa Al-Cu-Mg-Ag crnaBa nocie PKVII,
B TOM uwuciie B oOJMacTu OOJIbIIMX cTeneHed nedopmaruu Mpu TMOBBIICHHBIX
temneparypax (7~0,4...0,5T ).



5. BbISBUTE OCHOBHBIE MEXaHU3MBI YIIPOYHECHUSI M OIEHUTH WX BKJIA]] B OOIIYTO
npouHocTh cmiaBa Al-Cu-Mg-Ag mnocne nedpopmamuu metomom PKVYII mpu
MOBBIIIEHHBIX TemnepaTtypax (7~0,4...0,5T ).

CTpykTypa auccepranum U eé 0OCHOBHOE COlep:KaHHue

Hucceprauus ['azuzoBa M.P. cocroutr u3 BBEAECHHS, IATH TJIaB, BBIBOJIOB,
CIIMCKA HUCIIONb3YEMOM JINTEPaATyphl, BKItOYarouero 176 HamMeHOBaHUN.

Bo BBemeHnu 00OCHOBaHa  aKTyaJlbHOCTh  pelIaeMOil  MpoOJIeMBbl;
chOopMyIMPOBAHbI LIETb U 3314l MPOBOIUMBIX UCCIIEIOBAHUM, a TAK)KE OCHOBHBIE
MOJIOKEHUS, BHIHOCUMBIE Ha 3aIllUTY; [MOKa3aHa Hay4YHas HOBU3HA U MpaKTUYeCKas
3HAYMMOCTh TIOJIYYEHHBIX pE3yJIbTaTOB; IMPHUBEICHBI CBEACHUS O CTPYKType U
o0beMe auccepTalvy; OMNpeNeSeH JUYHBIA BKJIAJ aBTOpa; YKa3aHbl JIaHHbBIC
anpoOanu paboThl HAa KOHQEpPEHIUsIX U CEeMUHapax, a Takxke HHpopMalus o
nyOJIMKalusIX, B TOM unciie u3 cnucka BAK.

B mepBoil rmaBe jauccepTallMOHHOW pabOThl PACCMOTPEHO BIUSHUE
MUKposierupoBanusi  Ha  (azoBeiii  coctaB  Al-Cu-Mg-Ag  criaBos.
[Ipoananu3npoBaHbl UMEIOIIMECA HA CETONHAIIHUI JI€Hb JAHHBIE O CTPYKTYpE U
Mopdonoruu Q-da3pl, MeXaHU3ME €€ 3apOXKIACHUS U pocTa, a Takke
nocienoBaTeabHOoCcTH BblAeneHuss a3 B Al-Cu-Mg-Ag cmnmaBax B mporuecce
ctapenus. OnucaHbl OCHOBHBIE MEXaHU3Mbl YIIPOUHEHUSI aJIIOMUHUEBBIX CILIABOB
1ocje TePMOMEXaHUYEeCKOM 00paboTku. PaccMOTpeHO BIIMSIHUE TMPOMEKYTOUHOMN
MIaCTHYECKOM iepopmaliny mpu KOMHATHOM Temneparype Ha ¢a3oBbiii cocTaB Al-
Cu-Mg-Ag cnaBoB mocie crapeHus. YaeneHo BHuMaHue BiausHuio PKVII, kak
MeTOo/1a OOJIBIIUX MIACTUYECKUX Nedopmaluii, Ha IBOTIOIUI0 MUKPOCTPYKTYPHI U
¢$a30BOro coctaBa TEPMOYIPOUYHSIEMBIX ATFOMHUHHUEBBIX CIIJIABOB.

Bo BTOpOIi rnaBe quccepTalluOHHONW paboThl 000CHOBAH BHIOOP MaTepHaia u
METOJIMK HCCIIEIOBAHUM, OMHUCAHbl METOJbl TEPMUUYECKON U TEPMOMEXAHUYECKOU
o0paboTok. [TonpoOHO omucaHbl UCTIOJIB3YEMBIE B XOJ€ UCCIICIOBAHUIN METOJIUKH,
B TOM YHCJI€ pacTpOBasi U MPOCBEUUBAIOIIAS SJIEKTPOHHAS! MUKPOCKOIHS, METO/IbI
AJIEMEHTHOTO U ()a30BOT0 aHANM3a, a TAKXKE METOJIUK PEHTreHO(pa30BOr0 aHAIN3a
u auddepeHImaIbHON CKaHUPYIOMIECH KAJIOPUMETPHH.

B Ttperbeii riaBe auccepTanMOHHONW pPabOThI PACCMOTPEHBI OCOOCHHOCTU
CTpYKTYyphI U ¢azoBoro coctaBa Al-Cu-Mg-Ag cmaBa ¢ Mukpoao6aBkamu Sc, Zr
u Ge 1mocJe JUThs, a TAaKXKE BBISBIICHBI O0IIHME 3aKOHOMEPHOCTU UX DBOJIOLMH B
MPOIECCe TOMOTCHHU3AlMOHHOTO OTXKHTa. YCTaHOBJIEHO, YTO JBYXCTyIeHYaTas
TOMOTCHM3alUs TPUBOAUT K oOpaszoBanuio dactun W-das3el (AlgCuySc) 1o
IpaHuIlaM 3€peH, KOTOPBIE PACTYT 3a CYET KaK PACTBOPEHHUS COJEPKALIUX SC YACTHII
0-¢a3bl, Tak U oOemHEHUs] SC MPUIIEralmUuX 00JacTel MEPECHITIEHHOTO TBEPOTO



pactBopa. JlaHHbI (aKT TPUBOIUT K HEPABHOMEPHOMY  paCIpEeSICHUIO
korepeHTHbIX yactull Al;Sc/Al;(Sc,Zr)) B o0beMe Matepuana. [lpu kpucrammzanuu
Al-Cu-Mg-Ag crnaBa ¢ mukpoao6askoit Ge Boiaensierca ¢gaza Mg,Ge, koTopas He
pacTBOPSIETCS MPU MOCIIEAYIOIEM TOMOTEHU3AIMOHHOM OTKHUTE.

B uderBepToil Ii1aBe auccepTalMy PacCMOTPEHA 3BOJIIOLMS MUKPOCTPYKTYPBI
u (dazoBoro cocraBa Al-Cu-Mg-Ag cmaBa ¢ mMukpomo6askamu Sc, Zr u Ge B
nporecce TMO, Bkimouaromieil mpoMeKyTOUHYIO Ae(QOopMaIliio MPU KOMHATHOU U
MOBBIMICHHBIX TemmepaTtypax (7~0,4...0,57;). TepmMomexanndeckue oOpabOTKH,
BKJIIOYAIONIME IUIACTHYECKYI0 JAedopMalvio Mpd KOMHATHOM TeMIiepaType,
NPUBOMASIT K M U3MEHEHHUIO MOCIEA0BaTeIbHOCTH BhleneHus ¢a3 B Al-Cu-Mg-Ag
CIUIaBE B IIpOLIECCE CcTapeHus: npu KoMHaTHOW temmneparype: I[ITP—30nb1 T'TID,
npu 190°C: [ITP—Q+0'+S’'. N3meHnenue mnociieqoBaTEIbHOCTUA BbIACIeHUs (a3
P CTaTHYECKOM CTAPEHUU CBSI3aHO C pacTBopeHneM kiactepoB Ag-Mg ¢ Cu B
npolecce IJIaCTHYECKON nedopmManuu. YCTaHOBJIEHO TakkKe, 4TO B IpoLEcce
Oonpmx miactuyeckux nedopmanuit Al-Cu-Mg-Ag crimaBa merogom PKVYII npu
NOBBIIIEHHBIX ~ Temmeparypax  (7~0,4...0,57;) mpouecc  HENpepbIBHOU
JTUHAMUYECKOU pEKpHUCTAILTA3AIUN MHULIUUPYETCS dbopmMupoBaHEM
reomerpudecku Heooxoaumbix rpanul] (I'HI") mocne nepsoro npoxoaa. C nanHbIM
IIPOLIECCOM CBsSI3aHO OOpa3OBaHHME TEKCTYPHBIX @G- WM [-BOJOKOH, TOrJa Kak
OBICTPOE YBEIMYEHUE CPEAHEr0 yria pa3opHUEHTHUPOBKHU I'PAaHULl, 0OBEMHOU J10JIH
PEKPUCTAINIM30BAHHBIX 3€peH, MIOTHOCTH BYI' mocie BTOPOro m mocieayrommx
MIPOXOJIOB KOPPEJIUPYET C TOSBICHUEM HEYCTOWYUBBIX OPHUEHTAMN MEXIy
YCTOMUYMBBIMU ~ TEKCTYPHBIMHM  KOMIIOHEHTaMu By/By, 4rto obecneumBaer
o0pa3oBaHKME HEMPEPHIBHOTO Y-BOJIOKHA.

B nsToil rmaBe mpoBOASTCS UCCIEIOBaHUS MexaHW4eckux cBoicTB Al-Cu-
Mg-Ag cmiaBa nociae TMO, Bkirouaroreii 00bIue miacTHIecKue aehopMainm,
a TaKkXKe OIIEHKa BKJIAJ0B PA3JMYHBIX MEXaHW3MOB YIPOUYHEHHUS B OOINIYIO
MPOYHOCTh MaTepuayia. YcraHoBiaeHo, uyTo mnociie PKVYII npu mnoBbimeHHBIX
temneparypax (7~0,4...0,5Ty;) ¢ yBenuueHHeMm cTeneHu aedopManud HUMEET
MECTO CHM)KEHHE MEXaHMYECKUX CBOMCTB MCXOJHO 3akajieHHoro Al-Cu-Mg-Ag
CIUTaBa, KOTOPOE€ CBS3aHO, TJIABHBIM OOpa3oM, C YMEHBIICHHEM BKJaga OT
JUCIIEPCUOHHOTO  MEXaHU3Ma  YINPOYHEHUs.  YMEHbIIEHHWE  BKjIajga  OT
JMCIIEPCUOHHOTO MEXaHW3Ma YIPOYHEHUSI HE€ KOMIEHCUPYET YBEIUYECHHE OT
3€pHOTPAHUYHOTO U Je(POPMAIMOHHOTO MEXaHU3MOB yrpouHeHus. OnTumManbHOe
COUETaHWE MPOYHOCTH M IUIACTUYHOCTH ciyaBa cuctembl Al-Cu-Mg-Ag
oOecrnieunBaet oOpabotka T840, a MakCMMaNbHYIO )KapOMPOYHOCTh 0OECIICUNBAET
obpaboTtka T6.



HayuyHasi HOBU3HA IMcCEePTALMOHHON PadoThI

B nuccepranmonHoil paboTe BIEpBbIE MOJYYEHBI CIEAYIOIINE HAayYHbIC
pe3yJIbTaThI:

1. YcranoBineHo, uro npu guthe Al-Cu-Mg-Ag crmmaBa ¢
MUKPOJIETUPYIOMUMHU Jo0aBkamMu Sc, Zr u Ge Nmpu KpUCTAIUTU3AIUH MPOUCXOIUT
BEIZICJICHHE cojiepikamiei Sc 0-¢a3pl mo rpanuiam saeex; okoiao 60% Sc u Bech Zr
¢ukcupyrorcs B mepeceiieHHOoM — TBepaoMm  pactBope  (IITP).  Ilpwm
TOMOT€HU3allMOHHOM OT)KHUIe CIlaBa 0Opa3yloTcss KpymHble 4dacTuilbl W-(hasbl
(AlgxCu4ixSc) MO rpaHMIIaM 3€peH, KOTOpbIe pacTyT 3a CYET pPacTBOPEHHUS
comepxkameir Sc  0-gaszpr m obeaHeHuss Sc  oOjacTedl TBEPAOro pacTBoOpa,
npuiieraromux K yactuuam W-dasel. Ge npu KpUCTauIM3alii BbIICIAETCS B BUIE
yactul pa3el Mg,Ge, koTopas HE pacTBOPSIETCS MPH MOCIEAYIOMEH TEPMHUUECKON
o0paboTke.

2. [lokazaHo, 4To B mporecce OOJBIIMX IUIACTUYECKUX Jedopmanuit
Al-Cu-Mg-Ag cmaBa wmeromom PKVYII npu mnoBbllIeHHBIX —TemImeparypax
(7~0,4...0,5T;;;) mpoliecc HEPepBHIBHOM TUHaMHuecKoi pekpuctaumiainuu (HIP)
HauMHaeTcs Onarogaps (pOPMHUPOBAHUIO I'€OMETPUUECKH HEOOXOIUMBIX T'paHUI]
(I'HI"). C pmaHHBIM mpoueccoM CBsi3aHO (POPMUPOBAHHME TEKCTYPHBIX o- U f-
BOJIOKOH, TOI/Ia KaK OBICTpPOE YBEIMYEHHE CPEIHEr0 yria pa3opUeHTHUPOBKHU
IpaHdll, OOBEMHOW  JOJAM  PEKPUCTAIIM30BAHHBIX  3€pPEH,  IUJIOTHOCTH
BbICOKOYIIIOBbIX rpanul] (BYI) koppemupyioT ¢ MOSIBIEHHEM HEYCTOMYMBBIX
OPHMEHTAlMi MeXIy yCTOMYMBBHIMH TEKCTYPHBIMHM KOMIOHEHTamMM Bg/Bg 4roO
obecnieunBaeT 00pa3zoBaHUE NMPEPHIBUCTOTO Y-BOJIOKHA.

3. VYcranoBneno, urto Iwiacthuueckas nedopmarus  Metogom  PKVYII
Al-Cu-Mg-Ag crutaBa mpu MOBBIIIEHHBIX TEMIEpaTypax MPUBOJUT K YCKOPEHHUIO
pacnaga IITP u x tpanchopmamuu € B 0-basy mo MexaHusmy in situ
npespaiuenus. B nponecce nedopmaruun PKYII npu noBeieHHbIX TeMIiepaTypax
(7~0,4...0,5T;;) mocnenoBaTedbHOCTh (Ha30BBIX MPEBpAIICHUN UMEET BUJ:
[ITP—-Q—0+S+B(MgAg)+tU(AIMgAg)+(Ag). Takoe wu3MeHeHue (Ha3oBOro
cOoCTaBa COMPOBOXKAAETCS yMeHblleHrnem mnpoyHocT Al-Cu-Mg-Ag cmiaBa B
pe3ynbTare CHWXKEHUS BKJIaJa JUCIHEPCHOHHOTO MEXaHW3Ma yIPOYHEHUS,
HECMOTpSI Ha YBEJIMYEHHE BKJIaJa 3€PHOTPAHUYHOTO M Ae(POPMAIMOHHOTO
MEXaHU3MOB YIIPOUHECHUH.

4. Y CTaHOBIICHO, YTO BBICOKME MEXAaHWYECKHE CBOMCTBA CILJIaBa IIOCJIC
o0paborok T8XX cBs3aHbl ¢ TeM, 4TO Aedopmallis Mpyu KOMHATHOW TeMIeparype
NPUBOJAUT K PACTBOPEHMIO KiacTepoB Mg-Ag, 4TO Jdenaer HEBO3MOXXHBIM
MOCJIEYIONIEE TeTEPOTreHHOE 3apOoXAeHUe Ha HUX vacTull 2-da3bl, U obierdaer
Boienienne  0'- u  S'(Type [I/S1)-pa3 wa agucinoxkaumsx. Ilpm sTOM



MOCJIEIOBATEIbHOCTh BbIACNEHUS (a3 B MPOLECCe CTapeHusi MpH KOMHATHOMN
temneparype umeeT Bua: IITP—3o0nbl ['mnbe-IIpecrona-barapsikoro (I'TIB), a
npu 190°C: [ITP—-Q+S"—-Q+S'(Type I/S1)+0'. O6padotka T840 obGecneunBaer
MaKCUMAaJIbHYIO MMPOYHOCTD 3a CUET YBEIMUCHUS TUCTIEPCHOCTU TutacThH 2-(hasbl,
KOTOpbIE BBIICIIIOTCS UCKITFOUUTEIBHO TOMOT'€HHO. OOpaszoBaHue
nedOopMalMOHHBIX TIOJIOC TpU TpokaTtke ¢ oOxkatusimu >40% WHUIMHPYET
dbopMupoBaHHE 3epHOTPAHUYHBIX YTOJIICHHBIX TIacTUH (2-(pa3pl, 4TO BEAET K
MOSIBJIEHUIO aHU30TPONNHN MEXAaHUYECKUX CBOMCTB.

5. [TokazaHo, 4TO MPOMEKYTOUHAS IJIACTUYECKAs! AedopMaliis METOJIOM
MPOKATKU MPU KOMHATHOM TeMmIeparype MPUBOAUT K CHUXKEHUIO COMPOTUBIICHUS
nomyuectu Al-Cu-Mg-Ag crinaBa npu temneparype 150°C. B coctostauun T840
NaJieHue MPEJIEeTOB MOJA3YYEeCTH W IIUTeNbHOW npouHocTd npu 150°C Ha Gazax
ucnbitannss 100 m 1000 wacoB pgocturaer 30-35%. Ot10 cCBs3aHO €
aucneprupoBanueM miactuH 2-¢assl, yTo obieryaer tpaHchopmanuio Q—0 B
npolecce  MOJIBYYECTH/WIU  MPOAOJDKUTENIBHOrO  cTapeHus.  HawmBblcmas
JOJITOBPEMEHHAsI IPOYHOCTh M TIPEJEI MON3YyYECTH JOCTUTaloTcs npu o0paboTke
T6 (6e3 mpoMekyTOUHOM AedOopMaIIiH).

HpaKTl/I‘IeCKaﬂ JHAYUMOCTDb Ill/lccepTalll/IOHHOﬁ paﬁoTbI

PesynbraThl  AMcCCepTAllMOHHOM  pabOTBl  MPENACTABISIIOT  BBICOKYIO
MPaKTUYECKYI0  3HAaUYUMOCTh. Ha  OCHOBE TIPOBEACHHBIX  MCCJIEAOBAHUMN
MHUKPOCTPYKTYpHI U (hazoBoro cocraBa Al-Cu-Mg-Ag cmiaBa ¢ MUKpO100aBKaMu
Sc, Zr u Ge B JUTOM U TOMOTEHHU3MPOBAHHOM COCTOSIHHSIX OOOCHOBaHa
11eJ1€CO00Pa3HOCTh BBEJEHUSI Zr B CIUIaBbl JTAHHOW CHUCTEMbI M TOKAa3aHO, 4YTO
BBeAcHUE Sc u Ge Herenecoo0pasHo.

HuccepranrionHas padoTa MpeAcTaBiIsieT cOO0OM UEIOCTHOE 3aKOHYEHHOE
UCCIIEIOBAaHUE, PE3yJIbTaTy KOTOPOTrO MOTYT OBbIThb  HCIHOJIB30BAaHbl ISt
ONTUMM3ALUU PEKUMOB TepMoMmexaHnueckux odpadboroxk (TMO) Al-Cu-Mg-Ag
CIUTABOB B 3aBUCHUMOCTH OT YCIOBUW OKCIUTyaTalldd TOTOBBIX W3JICIUH.
YcranoBnensr pexumbl  TMO  Al-Cu-Mg-Ag crmmaBa s JOCTHIKEHUS
MaKCUMaJIbHOW MPOYHOCTH Ha pacTsikeHue — obOpabotka T840, wiu momydeHus
MaKCUMAaJIbHBIX XapaKTEPUCTUK >KapOMPOYHOCTH — 0OpaboTka T6.

Ha ocHOBaHMM TOJIyYEHHBIX PE3yJIbTAaTOB MCCIEIOBAaHUMN pa3paboTaH crocod
TEPMOMEXAHUYECKOU 00paboTKH, obecrieunBaroNINi MOBBIIICHUE
TEXHOJIOTUYECKON IIACTUYHOCTH 00BeMHBIX nonydadpukaroB uz Al-Cu-Mg-Ag
CIUIaBOB, KOTOPKIiI 3amuiieH nareHToM RU 2534909.

PesynpTaThl aHammM3a 3aKOHOMEPHOCTEW JBOJIOIUH  MHUKPOCTPYKTYPHI,
($ha30BOTO cOCTaBa U MEXaHUYECKHX CBOMCTB mocie TMO, BKitodaromei 00JbIme



iacTudeckue aedopMalud METOJOM XOJOIHOM MPOKATKH, HCIOJIb30BaHBI MPHU
BbINIOJIHEHUU coBMecTHOTO mnpoekta OAO «YMIIO» (r. Yda) u ®I'bOY BIIO
YI'ATY (r. Yda) «Pa3zpaboTka ¥ HPOMBIIUIEHHOE OCBOCHHE KOOPAMHUPYEMBIX
TEXHOJIOTUI BBICOKOTOYHOTO (pOPMOOOpa30BaHUS U MOBEPXHOCTHOTO YIPOUYHEHUS
OTBETCTBEHHBIX JeTanel u3 Al-CrulaBoB C TMOBBIIIEHHOW KOHCTPYKIIMOHHOM
aHEProdh(HEeKTUBHOCTHION, peanu3yemoro mo JloroBopy Ne40/10-30976/HU-HU-
01-13-XT" mpu ¢puHaHCOBOM moaaep:kke MuHucTepcTBa 00pa3oBaHus U Hayku PO
(moroBop Ne02.G25.31.0010 wmexny OAO «YMIIO» u MuHHCTEPCTBOM
oOpazoBanus u Hayku P®D).

JI0CTOBEPHOCTDH MOJYYEHHBIX Pe3yJIbTATOB JUCCEPTANMOHHON PadoThI

JIOCTOBEpHOCTh TMOJYYEHHBIX PpE3YyJIbTAaTOB IUCCEPTALMOHHOM pabOThl HE
BBI3BIBAET COMHEHHMI, 4YTO B TNIEPBYI0 OYEpPEIb CBS3aHO C MCIOJb30BAaHUEM
COBPEMEHHOI'0 anpoOMPOBAHHOIO HAYYHO-METOJMYECKOTO armapara, a TakKKe
HAOJII0JIEHUEM 3aKOHOMEPHOCTEHN 3BOJIIOLIMM MUKPOCTPYKTYPBI, (ha30BOro cocrasa
U MEXaHMYECKUX CBOMCTB, COBIAJAIONIMX C OOLIENPU3HAHHBIMU JUTEPATypPHBIMU
JAHHBIMM  MCCIIEJOBAaHUN  TEPMOYIIPOUHSEMBIX  AJIIOMUHHUEBBIX  CILIABOB
aHAJIOTUYHBIX CUCTEM JIETUPOBAHMUS.

3amMeuaHust 0 AMCCEPTALMOHHOM padoTe
K 3ameuanusim criegyeT OTHECTH:

1. B nuteparypHoM 0030pe K JUCCEpTAllMOHHON paboTe OTCYTCTBYET
OMHMCAaHUE KOMIUIEKCA MEXaHHMYECKHUX CBOWCTB AJTIOMUHHUEBBIX CIIJIABOB
cucrembl Al-Cu-Mg-Ag nocie TMO B 3aBUCHMOCTH OT COJEpKaHUS
OCHOBHBIX JICTUPYIOIIMX OJJIEMEHTOB, a Tak)Ke NPUYUHBI BbIOOpa
UCCJENyeMOro CIUlaBa C 3aJaHHbIM COOTHOLUEHUEM COJEp KaHUs
JIETUPYIOLIUX KOMITOHEHTOB.

2. Ha crp. 129 guccepraumm yKa3aH TEPMHUH  «aJUIOTPOITHAS
NpUMEHUTENbHO K TpaHchopmammu Q-da3el B 0-azy. Ilpumenenue
JAHHOTO TIPWJIAraTeIbHOTO I OMHCAHUsS Tpolecca TpaHchopMaluu
Q—0 sBnseTCs HEKOPPEKTHBIM, TIIOCKOJIBKY TEPMHH «aJUIOTPOIIHS)
MPUMEHSIETCA TOJBKO JIJIi OMKCAHUSl CYIIECTBOBAaHUS JIByX W Oojee
npocTbix (!) BEmIECTB OMHOTO M TOIO K€ XUMHYECKOrO 3JIEMEHTA,
Pa3IMYHBIX 10 CTPOCHUIO U CBOMCTBaM, Torma Kak  u 0 da3sl ABstOTCS
COCTMHEHHSIMH, COCTOSIIIIMMH U3 JIBYX U 00Jiee 2JIEMEHTOB.

3. Hacrp. 74, n. 4.2.1. B cnoBocoueTanuu «...o:kur npu 520°C B Teuenus 1
gaca M ..» TEPMHUH «OTXKUT» SIBISIETCS HEKOPPEKTHHIM. [IpaBMiibHO
yIOTPEOIATh TEPMUH «00pabOTKa Ha TBEP/IBIN pacTBOPY.



4. Tlo TekcTy B IIEJIOM BMECTO YacTO BCTPEYAIOLIETOCS TEPMHUHA «IIpenes
MPOYHOCTHY JTyUIlIE UCIIOJIb30BATh TEPMUH «BPEMEHHOE COTIPOTUBICHUE,
ykazanHoe B ['OCTe.

5. Crp. 102, 129, Tepmun «TpyOouHas nud@y3us» sBisieTcs HEKOPPEKTHBIM.
Bunnmo nmeercs B Buay auddy3us 1Mo TUCITOKAITMOHHBIM TPYyOKaM.

OO0masi oneHKa AUCCepPTANMOHHOM PadoThI

OTMedyeHHBIE HENOCTATKH, BBIIBICHHBIE B IIPOLIECCE 3HAKOMCTBA C
JIvccepTallMoOHHOW paboroit M.P. 'a3u3oBa, HOCAT 4YacTHBIM XapakTep M HE
KOJIEOIIOT OOIIEero BechbMa IMO3UTUBHOTO BIedarieHus oT Hee. [IpencraBieHHas
JUCCepTaLMs SBISETCA 3aKOHYEHHOM KBAM(DPUKATMOHHOW pabOTOM, BHIIOTHEHHOU
COMCKATEJIEM YYEHOM CTENEHHM HAa aKTyaJbHYI0 TeMy. B 1emoM mo ypoBHIO
pelaemMbIx 3a7ad, HAy4YHOM HOBHU3HE, NPAKTUYECKOHM 3HAYMMOCTH H 00BEMY
MOJIYYEHHBIX PE3yJbTaTOB JUccepTalMoHHas padora [azm3oBa M.P. Ha Temy
«BnusHue JUTBST W TepMOMEXaHMYECKOW 00pabOTKM Ha CTPYKTYpy U
MexaHuyeckue cBoiMctBa crmiaBa  Al-Cu-Mg-Ag»  ynoBieTBOpsSieT  BceM
tpeboBanusiM BAK P®, npeabsaBiasieMblM K JUcCCEpTalUsM Ha COMCKAaHUE YUEHOU
CTEIIEHW KaHAWJATa TEXHUYECKMX Hayk no cnennansHoctn 05.16.01 —
MertamioBenenue U TepMuueckas 0O0pabOTKa MeTayuioB U CruiaBoB. OCHOBHBIE
pe3yNbTaThl JAUCCEPTAMOHHOW PabOThl OoTpaxkeHbl B 14 pabotax, u3 HuUX — 13
CTaTbel B U3NaHMUAX, pekoMeHnoBaHHbIX BAK, u 1 marenr. Marepuansl
JUCCEPTAlMK JIOJIO)KEHBI Ha POCCUHUCKUX M MEXKIYHApOJIHBIX KOH(EpEeHIUsX U
cemuHapax. [locrapneHHsle B paboTe Ledb U 3a/1ayd MOJHOCTbIO JOCTUTHYTHI, a
OCHOBHBIE PE3yJIbTaThl OTPAKEHBI B BbIBOJIAaX. B 1enom nuccepraunonHas padora
U aBTOpedepaT HamMCaHbl TOHATHBIM HAyYHBIM S3BIKOM, HMMEIOT YETKO
MPOCIEKUBAEMYIO JIOTUKY W3JIOKEHUs. ABTopedepar W mNyOJUKALMKU IOJHO
OTPaXaroT COZEpKAHUE JMCCEPTAMOHHOM paboThI. Pe3ynbpTarsl
JMCCEPTALMOHHOIO UCCIEOBAHUS MOTYUYEHBI JIMOO aBTOPOM JIMYHO, JTIMOO MPH €ro
HEIIOCPEACTBEHHOM YYaCTHH.

Huccepranus [IPEICTABIAECT coboii 3aKOHYECHHYIO Hay4HO-
KBATM(PUKAINMOHHYIO pa00Ty, B KOTOPOM PEIICHBl AaKTyaJlbHbIE MPOOIEMBI,
UMEIOLINe BaXXHOE HAy4YHOE U MpakTUieckoe 3HaueHue. /luccepranuonnas pabora
['azuzoBa Mapara PasudoBuya COOTBETCTBYET NAacHOpTy CHEIUATbHOCTH
05.16.01 —«MeTtamioBeneHre U TepMHUUECKass 00paboOTKa METaJIOB M CIIJIaBOBY
(m. 1 «M3yueHne  B3aUMOCBSI3M  XMMHUYECKOro ¥ (a3oBOro  COCTaBOB
(XapakTepu3yeMbIX pa3JuYHbIMH TUIIAMH JHAArpaMm), B TOM YHCII€ JUarpaMMaMH
COCTOSIHUSI C (PU3MYECKHMMM, MEXaHUYECKUMH, XHUMHUYECKUMU U JIPYTUMH
CBOMCTBaMH  CIUIaBOB», 1.2 «TeopeTuueckue W 3KCIEPHUMEHTAIBHBIE



uccreqoBaHus (Ba3oBBIX M CTPYKTYPHBIX MpEBpallleHW# B MeTallax M CIjaBax,
IIPOMCXOASIIMX ITPU Pa3IMYHBIX BHEIIHUX BO3JEHCTBUAXY, II. 3 «TEOPETUYECKHE U
SKCIEPUMEHTANbHbBIE HCCIeOBaHMUs BIUSHHUA CTPYKTyphl (THMIIA, KOJIMYECTBA M
XapakTepa paclpenelneHuss Ie(eKTOB KPUCTAJIMYECKOIO CTPOEHHM:A) Ha
dusznueckue, XUMHYECKHe, MeXaHHW4YeCKHe, TEXHOJIOTUYECKHE u
SKCILIyaTallMOHHbIE CBOMCTBA METANITIOB U CILIABOBY).

Pabora oTBeuyaeT TpeOoBanusaM «llosoXKeHUs O NOPALKE NPUCYKACHUS
yUeHBIX cTeneHen» yTBepxkieHHOM [loctanoBnenuem IIpaBurenscrsa Poccuiickoii
denepanuu ot 24 centsiops 2013 r. Ne 842, a T'asu3oB Mapar Pasmdouy
3aCIIy)KUBaeT MPUCYXKIACHUS eMy YUYEeHOM CTelmeHH KaHAMJaTa TeXHMYECKHX HayK
no crmenuanbHoctd 05.16.01 — «MetannoBeneHue H TepMuuYeckas o0OpaboTka
METAJUIOB U CILIABOBY.

HacTosiiit OT3BIB COCTaBlIeH 3aM. 3aBeyIOIero Kageapoi 1o HaydyHOM
pabore kadenpsl «MarepuanaoBeeHHe U TEXHOJOIMs 0OpabOTKM MaTepuanoB»
denmepallbHOTO TOCYJAPCTBEHHOIO OIOKETHOrO0 00pa30BATENBHOIO YUPEXKIeHUsS
BhicIIero  mpodeccuoHanbHOro  obpazoBaHus «MATHM -  Poccuiickuit
rOCyIapCTBeHHbIH TexHoJornueckuit ynusepcurer umeHn K.O. [{monkosckoro»
JOKTOPOM TeXHHWYecKuX Hayk, npodeccopoM M.IO. KomnepoBbiM, 00CyXIeH U
onobpeH Ha 3acelaHuu Kadenpsl «MaTepuanaoBeieHHe M TEXHOIOTHs 00padoTKu
MaTepranoB» «25» 05 2015 roga (mpotokon Ne 9/15)

3aM. 3aBeytolero kadenpoi «Marepuanosesenue 1
TeXHOJIOTHs 00paboTKKH MaTepuasoBy, TOKTOP >
TEXHUYECKHUX HayK, Ipodeccop 4
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