OT3bIB 0(pUIIMATTEHOTO ONIIOHEHTA
Ha auccepTanuio Mapata Pazudosuua ["azuzona
BJIVSIHUE JIMTh U TEPMOMEXAHUYECKOM OBPABOTKN HA CTPYKTYPY U
MEXAHUYECKHWE CBOMCTBA CITJIABA Al-Cu-Mg-Ag,
MIpe/ICTaBJICHHON Ha COMCKaHUE YYEHON CTETIeHU KaHIuaTa TEXHUYECKUX HayK
o criernanbHOCTH 05.16.01 «MertamioBeeHE U TepMUYECKas 00paboTKa METAJIIOB U

CIIJIaBOB».

Y nedbopmupyembix cruiaBoB cuctembl Al-Cu-Mg-Ag HabmogaeTcss peikoe COYeTaHHe
JIOBOJIbHO BBICOKMX XapaKTEPUCTHK ITPOYHOCTHU U IUIACTUYHOCTH IIPU KOMHATHOM TEMIIEpaType ¢
XOpOLIEeH KapoIPOYHOCTHIO MpH pabounx Temneparypax 10 175 °C. Hekotopsle cIuiaBbl 3TOM
CUCTEMbl MOXHO pacCMaTpHBaTh B KaYeCTBE BO3ZMOXHOTO KOHCTPYKIIMOHHOT'O MaTepuana Aiis
KOHCTPYKLUH, 3KCIUTyaTUPYEMBbIX IIPH MOBBIIIEHHBIX TEMIIEpaTypax.

MOXHO OTMETUTbh, YTO HAy4YHbIE OCHOBBI JUIsi TPAMOTHOI'O BbIOOpa ONTHUMAIbHOIO
XUMHYECKOTO COCTaBa CIUIABOB OJTOM CHUCTEMbl W TEXHOJIOTUM W3TOTOBJICHHUS U3 HUX
noy(abpuKaTOB B HACTOsIEE BpeMsl HEJOCTaTO4YHO npopaboranbl. C TOUKH 3peHHs (Ha3oBOro
COCTaBa YNPOUHSIOIIUX BBIJEIEHUHN CIUIaBbl 3TOM CUCTEMBI JETUPOBAHUS SABISIOTCA OJHUMU U3
CaMbIX CJIO)KHBIX CpEIM BCEX TEPMUYECKH YIPOUHSIEMBIX AlIOMUHUEBBIX CIUIaBOB. B HuX
BO3MOYHBI JIOBOJIBHO CTpPAaHHBIE COYETAHUS PABHOBECHBIX M HEpaBHOBECHBIX (a3 u3 Tpéx
pasubix cucreM — Al-Cu, Al-Cu-Mg, Al-Cu-(Mg)-Ag. JlonomHUTENbHBIE CI0XHOCTH CO37aET
M3y4EeHHOE B paccMaTpuBaeMol paboTe pa3HOOOpa3ue UCXOIHON 3EPEHHOM U AUCIOKAIIMOHHON
CTPYKTYpbl MaTpHIlbl, B KOTOPOH pa3BHBAIOTCS MPOLECCHl paclaja MepechIiEHHOr0 TBEPIOTO
pactBopa (IITP). Takas ctpykrypa ¢(opMupoBanace B pe3ylbTaTe HHU3KOTEMIEpaTypHOI
TepMoMexaHuyeckor o0paborku (HTMO) ¢ mmpokum HaOOpoM CTemeHed XOJIOAHOM
nedopMaluu  MEXKIy 3aKaJKOW M HCKYCCTBEHHBIM CTape€HHEM, a TakXe C IOMOIIbIO
paBHOKaHabHOTO yrioBoro npeccoanus (PKYII) npu noBbleHHBIX TEMIepaTypax.

Heabio nanHoii padoTsl ObUTO U3YyYUTH BIUsAHUE 100aBok Ge, Sc, Zr (mo 0.2 mace. %),
YCIIOBUI MOJYHENPEPBIBHOTO JIMUThHSI, PEKMMA TOMOTEHU3ALUN U PEKUMOB TEPMOMEXAHNYECKON
obpaborkn (TMO) nHa (a3oBbIii cocTaB, NPOYHOCTH U JKAPOMPOYHOCTH JIUTOTO U
TOMOTEHHU3UPOBAHHOTO CILIaBa, comepsxkarero 5.6 % Cu, 0.72 % Mg, 0.32 % Mn, 0.5 % Ag (B
Mmacc. %).

B pabore mnonydeH KojoccaubHBI (DaKTHUECKUI Marepuan, OTpakEHHBbIH B 13
OIyOJIMKOBAHHBIX CTAThAX B XOPOIIUX OTEYECTBEHHBIX U 3apyOexHBIX KypHanax. Ceifuac Takoe
KOJIMYECTBO MYyOJIMKalui MO pe3yjibTaTaM HCCIEIOBAaHHM OJHOIO CIJIaBa MOKHO BCTPETHUTH

CKOpPEC HC B KAHAUJATCKUX, 4 B JOKTOPCKUX JUCCCPTALIUAX.



B pabote noapoOHO M3ydeHa MUKPOCTPYKTYpa 3TOr0 HOBOTO cruiaBa. Ha pasHbIx 3Tamax
€ro TEXHOJIOTMYECKOro Tepenena omnpeaenéH (¢a3oBblid COCTaB CIUlaBa M HaWJICHBI
XapaKTEPUCTUKU €Tr0 TEKCTypbl. M3MepeHbl MEXaHHMYEeCKUE CBOWCTBA MPYTKOB U JIUCTOB MPH
KOMHATHOU Y MOBBIILICHHON TEMIIepaTypax.

JlaHHBIN CIUIaB SBIISETCS MEPCIEKTHBHBIM MaTepuUajoM JUIsl OOIIMBKU U JeTajei
BHYTPEHHEI0 CHJIOBOTO Habopa OyIylMX KaK CBEPX3BYKOBBIX, TaK M OOBIYHBIX JO3BYKOBBIX
MACCAKUPCKUX caMoyIETOB. PaboTa, 6€3ycloBHO, SBISETCS aKTyaIbHON Kak ¢ HAYYHOH, TaK U C
MPUKIIAHON TOUKU 3PEHUS.

PaccmaTtpuBaemas auccepranuoHHas paboTa COCTOUT M3 BBEICHHS, IMATH IJ1aB, OOLIUX
BBIBOJIOB U CIMCKA JIUTEPATYPHI.

B nepBoii rnaBe (JiutepaTypHOM 0030p€) C HOCTATOYHOW MOJTHOTOM OXapaKTEPU30BaHBI
pe3ynbTaThl MHOTOYUCIIEHHBIX MCCIIEIOBAaHUM, NOCBAUIEHHBIX BIMSHHUIO JIESTUPOBAHMS CILIABOB
cuctembl Al-Cu-Mg-Ag Ha ux (a3oBblii COCTaB; PAacCMOTPEHBl MEXaHU3MbI YIPOYHEHUS
QIIOMUHHUEBBIX CIUIABOB Ipu Haki€ne U crapeHuu, ocobenHoctu PKVII. W3noxeHst
MIPEJICTaBJICHHS O TIPpUpoJie (a30BbIX MpeBparieHuii mpu pacnajae [ITP crutaBoB qaHHON CHCTEMBI
U ONucaHa KpUCTAJUIMYecKas CTpyKTypa mpoayktoB pacmana [ITP. O630p cBuaerenscTByeT O
Xopollel HJpyauuuMd W KBanudukauuu aBTopa. Ha oOCHOBaHMHM pe3ynbTaToB 0030pa
chopMynUpOBaHbl YKa3aHHBIE BBIIIE OCHOBHBIC 3a7a4l PaOOTHI.

B kauecTBe 3ameuaHusi MOKHO yKa3aTh Ha HETOYHOCTH B pazzene 1.6.3 (ctp. 29). Cnoso
«IUCTIEPCOUI» 3[eCh YMOTPeOIeHO Ay 0003HAYeHMs] PACTBOPUMBIX YaCTHII, COCTOSIIMX U3
OCHOBHBIX Jerupyromux komnoHeHToB (Al, Cu, Mg, Ag) u umMeromux onpeneinéHHbil pa3mep,
KOTOPBIA MOXKET OBbITh, IO MHEHHUIO aBTOpa, OOJbIIE WM MEHBIIE KPUTHYECKOTO pa3mepa (B
CMBICIIE YCTOMYMBOCTH 4YacTHI OT pacTBOpeHus). OObIMHO Npu OOCYKIEHUH CTPYKTYpPbI
QATIOMUHHUEBBIX CIIJIABOB TEPMHH «IUCIEPCOUABI» YIOTPEOISIIOT B COBEPIIEHHO APYTOM CMBICIIE
— 3TO TPYIHO PACTBOPUMBIC YaCTHUIBI CYOMHUKPOHHOTO pa3Mepa, COJepiKallue IMepexOaHbIe
anemeHTsl (Mn, Cr, Zr, Sc, V). be3 3Tux >1e€MEHTOB KOHCTPYKIIMOHHBIC MPOMBIIIICHHBIC
QTIOMUHHMEBBIC CIUIaBbl HE 00JagaloT HEOOXOAWMMBIM COYETAHHEM TMPOYHOCTHBIX U
TEXHOJIOTHYECKUX CBOMCTB. B Hacrosiiee BpeMs cIjiaBbl 0€3 STHUX JJIEMEHTOB HE HaXOJST
MPAKTUYECKOTO MpuMeHeHus. Jlucrepcoupl HEOOXOAUMBI, TPEXKAE BCETO, AJIS TOBBIIMICHUS
KOPPO3UOHHOW CTOMKOCTH, a TaAKXKE KaK aHTHPEKPUCTAIUIN3ATOPHI, PETYISTOPHI pa3Mepa 3epHa,
CTaOMIIM3aTOPHI CTPYKTYPHI CILIaBa.

Bo BTOpOIi rnaBe onucaHbl UCNOJIB30BAaHHBIE MaTepuaibl, MeTOAUKU npoBeaeHus PKYII
n HTMO, meTonuKu uCHbITaHUM IS ONpEeNeNeHUss MEXaHMUECKUX CBOMCTB MPU KOMHATHOU
TEeMIIepaType, COMPOTHUBJICHHS TOJBYYECTH M JJIUTEIBHOWM MTPOYHOCTH TIPH TOBBIMIEHHBIX

temneparypax. [lopaxaeTr yHHUKaJbHbBIII KOMIUIEKC METOJOB CTPYKTYPHBIX HCCIIEJOBaHUHA. ITO
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KOJINYECTBEHHAsI MeTaJulorpadus Ha HU(PPOBOM CBETOBOM MUKPOCKOIIE; pacTpOBasi 3JIEKTPOHHAs
mukpockormusa (POM) ¢ mukpopentrenocnekrpaibHbiM aHanum3zoM (MPCA) u audpakuueit
oTpaxEHHBIX 3J1eKTpoHOB (EBSD) Ha MHKpockome BBICOKOTO pa3pelieHUs]; MPOCBEUUBAIOLIAS
anekTpoHHas Mukpockonus (IIOM), B Tom uucie, ¢ NpsMBIM pa3pelICcHMEM aTOMOB, C
cucreMamMu ckanupoBaHuss U MPCA; peHTreHoBckuil (ha30BbIi M TEKCTYpPHBIN aHAIW3 Ha
COBPEMEHHBIX JudpakToMeTpax, auddepeHnnanpias CKaHUpYOmas KajlopuMmerpus. Takoe
COUYETaHHE B OTEUECTBEHHBIX Pa00OTaX MOKHO BCTPETUTH YPE3BbIUANHO PEMKO.
OcHOBHBIE pe3yJIbTaThl paOOTHI U3J10KEHBI B TPEThEH, YETBEPTOM U IATOH I1aBax.
Tperbst rnaBa nocesieHa UCCIEIOBAHUAM MUKPOCTPYKTYpPBI U (ha30BOro cOCTaBa CIIaBa
I10CJI€ TIOJYHENIPEPBIBHOTO JINThS, & TAKXKE I0CIE IBYXCTYIEHUATOW TOMOI€HU3AUH 110 PEXKUMY
360 °C, 64+ 510 °C, 24 4.
B aT0i1 raBe nonydeHsl pe3yabTaThl, BaXHbIE U1 IOHUMaHUs IPUPOABI CIUIABOB 3TOU
CHCTEMBI, ONTUMH3AIMU UX XMMHYECKOI'O COCTaBa M pa3pabdOTKU PALMOHAIBHOM TEXHOJIOTUU
JIUTHS1 U TOMOTreHHn3aluu. K HUM OTHOCSTCS CleAyIolue 1aHHbIe:
1. Hanuyue B JTUTOM COCTOSHMM 3BTEKTMUYECKMX uacTull ¢a3pl 0, oOoraméHHON Sc u
Ag, cpaBHHTENBHO KpYIHBIX dacThll Ga3sl MgrGe u ¢dasbl, copepkameid Ag u Mg, ¢
HEU3BECTHON KPHUCTAJUIMYECKOU CTPYKTYpoil. Zr monHocThio ¢ukcupyercs B I1TP, a
Sc — B IITP u B 6-ase.

2. Hanuuume nmocie roMOreHM3aluu KpYyMHBIX yacTul paBHoBecHOW W-da3el ¢ Cu, Sc u
Zr, pacTBOpeHHE YacTull ¢a3sbl, cogepxaiieil Ag u Mg, u HekoTopoit 00bEMHOI 10711
yactull 0-¢a3sl co Sc, coxpaHeHue KpynHbIx yactun Mg,Ge.

CrnenyeT OTMETHUTDH 1Ba OTPULIATEIbHBIX MOMEHTA.

(1) Tlouemy-TOo He yKka3aH IuaMeTp CIUTKAa WU JApPyrue HEoOXOAUMbIE MOIPOOHOCTH
TE€XHOJIOTUM TIOJYHEIPEPBIBHOTO JIUThA: TEMIIEPATYPHBIA PEXKHUM, BBICOTA KPHUCTAJUIA3ATOPA,
CKOpOCTh JIUThs. be3 3Toro TpyaHO MOHATh, HACKOIBKO OOIIMMH SIBISIFOTCS PE3yJIbTaThl
WCCIIEIOBAHMSI JINTOM CTPYKTYyphl. ClleqyeT cKa3aTb, YTO C TOYKM 3PEHHUS YCBOEHUS SC U Zr
JIATHE MPOBEJCHO YJIAYHO.

(2) Be3biBaeT coMHEHHE, HY)KHO JIU OBLIO MCIIOIB30BAaTh TAaKYIO0 BHICOKOTEMIIEPATYPHYIO
U JUIMTEIBbHYIO BTOPYIO CTYIIEHb ToMoreHusanuu, kak 510 °C, 24 4. J[ns cninaBoB cO CKaHIUEM
TaKk OOBIYHO HE JENAIOT, a CTPEMATCS MAaKCUMAaJbHO COXPAaHMUTh CKaHAMK mocie nuThs B [ITP,
YTOOBI BBIACTUTH €r0 MOTOM B BUJAE TUCHEPCONAOB. [ ATOro HY:XKHO n30exaTh 00pa30BaHUS
paBHOBECHBIX (a3, CBSA3BIBAIOLIUMX CKaHIUN C OCHOBHBIMU JIETUPYIOUIMMH KOMIIOHEHTaMU
CIUIaBa, B JaHHOM ciydae, W-dassbl, AlgCusSc. OOpa3oBanue mocie BICOKOTEMIIEPATYpHOM
FOMOTeHHM3allMi TpyObIXx dYacTtull W-¢a3pl MOATBEPKACHO B padoTe MOCIETyIOIUMHU

uccienoBaHusaMU. Hanmnune Takux dacTuil He TOJbKO ¢aktudecku BeiBOaUT Cu u Sc u3 IITP
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CIIJIaBa, HO ¥ CHUKAET TEXHOJOTMYECKYIO TJIACTUYHOCTD NP JadbHEUIICH Topsadeil U XOJI0IHOU
negopManuy, a TakKe yXyImaeT MEXaHMYECKHe CBOMCTBA roTOBBIX monydabpukaroB. Hembss
OTPaHUYUTHCS M TEPBOU HU3KOTeMIleparypHoi ctyneHbio (360 °C, 6 4), Tak Kak HEOOXOIMMO
pacTBOPUTH OOJIBIIYI0 OOBEMHYIO JIONIO HEPAaBHOBECHBIX OSBTCKTHUECKUX dYacTHI] 0-¢asbl.
I{enecoobpa3Ho, MO-BUAMMOMY, ObUTIO ObI BEIOPATh BTOPYIO CTYIIEHh TOMOTEHU3AIMH TIPH OoJiee
Hu3koi remnepatype 490-500 °C 1 MeHbLIeH MPOJOJIKUTEIBHOCTHIO.

[lo pesynbraramMm TpeThed TJIAaBBI MOXKHO OTMETHUTh OJHO OOCTOSATEILCTBO. B
aBTopedepare Ha crp. 11 mocie KpaTKoro HM3JIOKECHHS PE3YJIbTaTOB WCCIICIOBAHMS JHUTOTO U
TOMOTE€HHU3UPOBAHHOTO cIiaBa HamucaHo «[lo stoit mpuumne BBegeHue Ge B Al-Cu-Mg-Ag
CIUIaBbI JIJIS1 YBEJIMYEHUS AUCIIEPCHOCTU YACTHUI] OCHOBHBIX (Da3-ympoyHHUTENEeH Mocie cTapeHus
HEIeJIecoo0pa3sHo». DToi ¢pa3sl B TEKCTE IUCCEPTAIMU HET, YTO, MO-MOEMY, MPaBWIbHO. B
NaHHOW paboTe Ui JaHHOTO XMMHUYECKOr0 COCTaBa CIUlaBa U JAHHOW TEXHOJIOTMH MOJIYYEHUS
nonygabpuKaToB, TOCTATOYHO HECTAHIAPTHOM, MOJIOKUTENbHOTO BiausiHUs (Ge Ha CTPYKTYpY U
cBoiicTBa He oOHapyxeHo. O000ImaTh ATOT pe3yjibTaT Ha JAPYrUe CIUIaBBl 3TOM CHCTEMBI
HeKoppekTHO. To ke 3aMeuyaHue OTHOCHUTCS K COJAEp)KallMMCSi B 3TOM IJIaBe JucCCepTaluu
paccyXJIeHHsIM O IIeJeco00pa3sHOCTH yMeHbleHus coaepxkanus Cu mo 4.5 % u Koppekiuu
conepkanus Sc. J{s BCero aToro HeA0CTaTOYHO JAHHBIX.

B uyerBéproil rmaBe mOpHUBEAEHBI PE3YNbTATHl  MCCIENOBAaHUM 3EPEHHOM U
JUCIIOKALIMOHHON CTPYKTYpPBI, TEKCTYpPBI, a TaKke (az0BOro cocraBa U MOP(OJIOTUH BBIEICHUH,
(bopMupyroLmMXCcs B IpoLecce 00IYHOTO0 UCKYCCTBEHHOTO CTapEHUs 3aKaJIEHHOTO MaTepuaia Ha
MaKCHMaJbHYI0 HPOYHOCTh MO pexumy T1 (mo oreuecTBeHHOW Kiaccuduxamuu win T6 mo
knaccudukanuu Aluminium Association), a Takke B mpoiiecce Hu3kotemnepatypHoit HTMO u
PKVII npu noBbIIIEHHBIX TeMIepaTypax. JTa IJaBa 3aHUMAET MOYTH MOJIOBUHY TUCCEpPTAlUU
(72 crpanuns! u3 160). B Hell monydyeHO rpomMaiHOE KOJIMYECTBO HOBBIX MHTEPECHBIX, OPOIO,
CHOpHBIX pe3yabTaToB. Kak Hambosee BakHbIE M JIOCTOBEPHBIE CIENYET OTMETUTh PE3YJIbTAaThl
[0 M3MEHEHHIO (a30BOro cocTaBa U MOP(OJOTUU BBIJAECNEHHNA B 3aBHCHUMOCTH OT CTENEHU
nedopmarmu ipu HTMO. Hauboinee criopHO# aBTOp OT3bIBAa CUMTAET TPAKTOBKY PE3yJIbTaTOB
mo o9Bojonuu 3€peHHOoN CcTpykTypel B mpomecce PKVIL. IlogpoOGHeiii aHamu3 Bcex
MOJIOKUTENBHBIX M OTPHUILIATEIbHBIX MOMEHTOB MOYKET 3aHSATh CTOJBKO MECTa, YTO OT3bIB
MPEBBICUT HOPMAJIbHBIE pa3Mephl U CTaHET HeuuTaeMbiM. OCTAaHOBUMCSI TOJBKO Ha HEKOTOPBIX
CIIOPHBIX pe3yJbTaTax.

1. U B TpeTheil, u B UeTBEPTOH TIIaBe TOBOPUTCS 00 0COOOM XapakTepe MmpeBpaiieHuit 0-

¢dazer B W-azy, Q-dassl B 0-hazy 1 0 HEKOTOpBIX ApYrux (a3oBbIX Mepexojax Ha
MO3JHUX CTAAUAX CTapeHUs. YTMOTPeOsieTcss TEPMHHONOTHS «TpaHchopmanus 1o

MEXaHHU3MY In Situ MepecTpoiKy KpUCTAININYECKONW PEMIETKI», Aa ellé ¢ «ITOBOPOTOM
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pem€Tkn». PaKTUYECKH, peub UIET O CABUTOBOM XapaKTepe 3THUX MPEBPALICHUI, B
MPOTHBOMOJIOXKHOCTh OOBIYHOMY TU(PPY3HOHHOMY MEXaHU3MYy T€TEepPOr€HHOTO
3apOXKIEHUSI U POCTa PAaBHOBECHOM (a3l U pacTBOPEHHs HepaBHOBECHOH (a3zbl. 1o
MHEHUIO aBTOpa OT3bIBA, IIPEICTABJICHHBIN SKCIIEPUMEHTAIbHBIA MATEpUAJl HUKAK HE
JIOKa3bIBACT HAJIMYUS CABUIOBBIX INPEBPALICHUN, a CBUACTENbCTBYET Kak pa3 o0
OOBIYHBIX (P PY3NOHHBIX MEXaHH3MaX TAKHX MPEBPAIICHUH.

WNnentudukamus wactury ¢asel, coaepxkameid Al, Cu u Mn kak ¢a3zer AlgMn,
cogepxauieil Cu, mo-moemy, omrboyHa. IT0 0ObIYHBIE JJIs CIIABOB 3TOW CHUCTEMBI
mucniepcousibl T-daszer (AlyoCu,Mns, ky0., Pm3m, a = 2.984 um). [lo mopdonorun
9TH YaCTHULbI — CTEPXKHH, BBITAHYTHIE B HarpaBieHUsAX <100>,.

[IpencraBisieTcss COMHHUTENBHBIM OOpa3oBaHWE YACTHI[ YHCTOTO cepebpa Ha
nocneaneit craguu pacnaaa [ITP npu 250 °C, 100 4 nocne 12 npoxonoB PKVII (ctp.
106). ITockonbky Al u Ag umeror onunakoByto ['TIK-pemérky u 6mu3kue 3Ha4eHUS
niepuoioB pemérku (0.405 u 0.408 HM), MO MpeACTaBICHHBIM AJICKTPOHOIPAMMAaM HUX
JINHUA HAJEXKHO HE PA3IMYArOTCA.

Kaptunst EBSD na pucynkax 4.15, 4.22, 4.28 u ananoruunsie kaptuabel EBSD B
JPYTUX MHOTOUYHUCIIEHHBIX OTEUECTBEHHBIX U 3apyOexkHbIX paboTax OYeHb ITOXO0XKU Ha
MeETauIOrpaUUecKyt0 KapTUHY MOSIBICHHS M Pa3BUTHUSA Ha I'paHULIAX (U BHYTPH)
KpYTIHBIX UCXOJHBIX ne(OpMUPOBAHHBIX 3épeH HOBBIX MEJKUX
pekpucTaUIM30BaHHbIX 3€peH. [lpu meramnorpaduueckoM HCCIEOBaAaHUM TaKyHO
KapTUHY BBIABISIOT TpaBICHHMEM Ha TpaHUIbl 3EPEH WM MOJy4yaloT B
MOJIAPU30BAaHHOM CBETE IOCJE 3JIEKTPOJIMTUYECKOTO HAHECEHUS Ha IOJIHMPOBAHHYIO
MOBEPXHOCTh 00pa3lia TOHKOH okcuaHoil mi€Hku. B ciyuae kaptun EBSD nernoit
KOHTPACT BO3HUKAaET aBTOMATHYECKH, KOTJA COCEJIHHUE DIIEMEHTBhl CTPYKTYpHI
HaOMpaIOT ONpENeNIEHHBIM Yroi pa3opHeHTaluuu (B JaHHOM Ciydae ammaparypa
HacTpoeHa Ha YroJyl pa3opHeHTanuu 2 rpanyca). JlrobGas nedopmarust NpuBOIUT K
MOBBIIIEHUIO TEH30pHOW IUJIOTHOCTH JAMUCIOKAIMi  (M30BITOYHOM  IJIOTHOCTH
JUCIIOKAllMi OJTHOTO 3HAKa, yYUTHIBAOIIEN CyMMapHBIii BekTop broprepca), To ectb k
MOSIBJICHUIO YTJIOB MO3aMYHOCTH (YTJIOB PA30pHEHTAIMM BHYTPU 3EpPEH). YTOl
MO3aUYHOCTH ® (B paJuaHax) MO BEIUYMHE NMPUMEPHO PaBEH 3HAYEHUIO CTENEHU
nepopmanuu € W BenuuuHe O (yanuHeHUs npu pactsokenuu). [lpu € >2 % Ha
kaptuHe EBSD aBTOMaTmyecku Ha KaKOM-TO YYacTKe 3€pHa MOSBIISIETCS TpaHUIIA,
koTopoit Ha camom zene Her! Kapruna EBSD, naGmonaemass B pabore mocine
ropsiueit nedopmanuu npu PKVYIL, BeigBnser Tunuunyro uis TEUION M ropsiueit

negopManuy  QIIOMUHHUEBBIX CIIABOB CYO3EPEHHYIO CTPYKTYpPY C JOBOJIBHO
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OonmpmuMu (711 Cy03€peH) yriamMu pa3opueHTHPOBKH. C yBEIMYCHHEM CTEIICHU
neopManuu yroja pasopHEHTAIMH PAcTET, HO PEKPUCTAILTU3AINH, TO €CTh 3aMEHbI
MaTepHala ¢ BHICOKOH IJIOTHOCTBIO JAUCIOKAIMM, COCPEIOTOUEHHBIX B CyOrpaHHUIIax
U B 00béMe Cy03€peH, MaTepualoM ¢ HU3KOW IUIOTHOCTBIO AMCIOKauui, Het. Ilpu
nedopManuy B ’TOM TEMIIEPATypHO-BPEMEHHOM JIMana3oHe co34aéTcsl HeCcTaOMIbHas
JUCIIOKALMOHHAS CTPYKTYpa C BBICOKOM IUIOTHOCTBIO AMCIOKAIMM. JTO JOKa3bIBAIOT
uMeroImurecss B paboTe pe3yibTaThl HCCIENOBaHMA JAHHOTO MarepHuaja METOAOM
I[IODM u Oosblumve yriibl MO3aMYHOCTH Ha 3JIEKTpOHOrpamMmax. Pexpucrammmzanus
IIPOUCXOIUT TOJBKO MpH THOcuenyroued obpaboTke Ha TBEPABIA pPACTBOp, 4YTO
COOTBETCTBYET HarpeBy na0 Temneparyp Boimie 480 °C. OT0 He «BTOpUYHAsS»
peKpUCTaJUIM3alMs, KaK CKa3aHO B BBIBOJAX IVIaBbl 4, a MEpBUYHAs CTaTHYECKas
pexkpuctamsanus. Hanuuue B 3akaq€éHHOM MaTepuale HEOJHOPOIHOM CTPYKTYPHI €
KPYIIHBIMU 3€pHAaMH — 3TO HE pPE3yJbTaT «BTOPUYHOW» PEKPUCTAUIM3ALMH, a
pe3yinbraT  00pa3oBaHUS YaCTUYHO  PEKPUCTAIIIM30BAHHOW  CTPYKTYpbl  IIpH
MEPBUYHON pEKpUCTAUIM3AlMY, W3BECTHbIM o pabdoram IO.M. BaiinOnata as
CIJIAaBOB € OOJIBLIMM KOJIMYECTBOM aHTHUPEKPUCTAIIIN3aTOPOB.

B msToii riaBe mony4eHsl BIIOJIHE JIOTUYHBIE PE3YJIbTAThl 110 CPABHUTEIBLHOMY YPOBHIO
MEXaHUYECKUX CBOMCTB OOpa3lOB, HCHBITAHHBIX IIpU KOMHATHOM TemIeparype, U
XapaKTepUCTHK MOJ3y4yecTH M JuMTenbHoi nmpouyHocty npu 150 °C. CpaBHeHUE OTHOCHUTCS K
MaTepuaiaM Mocjie CTaHJApPTHOIO MCKYCCTBEHHOI'O CTapEHMsI Ha MAKCUMAJIBHYIO IIPOYHOCTB, a
Takke K Marepuanam, noiaydeHHelM MertogamMu HTMO n PKVII. Xouercs noadepkHyTh, 4TO
naHHas paboTa, Kak M THICAYM JPYrHX padoT, MOKas3ajla, YTO WHTEHCHBHAs IJIacTUYecKas
nedopMaiusi JAEMOHCTPUPYET JKCTPEMaJbHBIE CTPYKTYpbl, HO IIOKa HE MOXET CO3/aTh
KOHKYPEHTHO CIIOCOOHBIM KOHCTPYKIMOHHBIH MaTepual ¢ XOpOIIMM U CTaOMJIbHBIM
KOMILIEKCOM CBOMCTB.

B uenom, penensupyemas paboTa chenaHa Ha BBICOKOM YPOBHE, COAEPKHUT HOBBIE
Ba)XHBIE PE3YJIbTAThl, KOTOPbIE TOJIKHBI ObITh Pa3BUTHI B MOCIEAYIOIUX UccienoBaHusx. OHa
HalMcaHa XOPOLIMM TEXHUYECKHUM S3bIKOM U NMPEKPAcCHO 0POpMIICHA.

ABTOpC(I)CpaT MMOJIHOCTBIO OTPAKACT COACPKAHUC NUCCCPTALIUU.



HuccepraunonHas pabora «BnusHue IuThS H TepMOMexaHH4YecKod o0paboTku Ha
CTPYKTYpPY M MexaHuuyeckue cBoiictBa crmaBa Al-Cu-Mg-Ag» mo akTyalbHOCTH, HOBH3HE H
00BEMY MOTYyYEHHBIX PE3yJIbTATOB MOJIHOCTHIO COOTBETCTBYET TpeboBanusam 1. 9 [Tonoxenus o
nopsaxke npucyxaeHus yudéHbix creneneli BAK Poccuiickoit @enepauuu (Ilocranopienue
[TpaButensctea P® ot 24.09.2013 r. Ne 842), a eé asrop, Mapar PasucoBuu [a3msos.
3aCIy)KUBAeT NPHCYKACHUS YYEHOH CTENEeHH KaHAuJaTa TeXHHYECKUX HayK MO CHEelHaIbHOCTH

05.16.01 — MeTamtoBeieHHe ¥ TepMUUecKast 00paboTka METAJIOB U CILIAaBOB.

bep JLb.

OdunuansHbIil ONIOHEHT, é
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JAOKTOP TEXHHYCCKHX HAayK { u

bep Jleonna bopucosuy
JIOKTOP TEXHHYECKHX HayK,
05.16.01 — MeTtanmoBeieHHE U TepMUYecKas 00paboTKa METa/IOB H CIUIABOB;
CTapIIUi Hay4YHbIH COTPYIHHK,

rinaBHbli Hay4HbIH coTpyqHUK OAO «Beepoccuiickuit HHCTHTYT JErKHX CILIABOBY;
Poccus, 121596, Mocksa, yn. 'opOGyHoga, 2.

Tenedon 8495287-7400%2522

Anpec 35eKTpOHHO#M nouTkl: berfam@mail.ru
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