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“BnusHue nedopMaliiy Ha CTPYKTYpY U MexaHudeckue cBoiictBa Al-Mg—Sc—Zr cnapa”,
IPE/ICTABJIEHHYIO Ha COMCKAHUE YICHOH CTENeHH KaHIUaTa TEXHUYECKUX HAYK 10 CHEIUAIBHOCTH

05.16.01 MetanmnoBenenue u Tepmuyeckas 06paboTka METAIIIOB U CIIABOB

AKTyanbHOCTL TeMbl. Bce Gonee mupokoe NpUMEHEHHE YIbTPAaMENKO3EPHUCTBIX H
HaHOKPUCTAJUTMYECKMX MAaTEepHAIOB B MaTepHajaX COBPEMEHHOH TEXHUKH CTajl0 TEHACHIMEH
nocnegHux Jyer. CBoe MeECTO B TEXHHKE M TEXHOJNOTHM  yIbTPAaMENKO3EpHUCTBIE H
HaHOKpHUCTAJNIMYECKE MaTepHaIIbl 3aHIH IPOYHO ¥, HECOMHEHHO, OyIyT yAepXKuUBaTh €ro AOJTO.
VIMEHHO 3THM OIpeesnsieTCsl aKTyalbHOCTh BCECTODOHHMX — KaK OKCIEPHMEHTAIBHBIX TaK U
TEOPETHUECKUX — MCCIIENOBAaHUM NPOLECCOB YIMPOUHEHUS U IUIACTHYECKOH nedopManuy B ITHX
MaTepuanax. Penensupyemass pabora Kak pa3 M INPHHAUIEXUT KO BCE ILIUPSAIMIEMYCS KpYTy
HCCIIEIOBaHUH, KOTOpBIE IO3BOJIAIOT HE TOJBKO MOHATH M OOBSICHHUTB, HO H IpeAckas3aTb, U
HAYYHTHCS INIAHUPOBATh YHUKAJIbHBIE CBOMCTBA CYOMHKPO- M HAHOKPUCTAJUIMYECKUX MATEPUAIOB.
K coxanenuio, NpUXOAWTCA KOHCTATUPOBaTh, 4YTO 0€3 NpeyBENHMYEHUS OTrPOMHOMY Bally
OKCIEPUMEHTAIBHBIX ~ HCCIENOBAaHWH  YNBTPAMENKO3EPHUCTBIX M HAHOKPHUCTALINYECKUX
MaTepHaJoB CBOMCTBEHHa HEKOTOpas CyMOYpPHOCTb M XaOTHYHOCTb, s OBl mJaxe ckasai,
BepxornsAacTBo. [IpudrHON 3TOro, Kak MHE KaXXeTcs, CTal HEIOCTATOK KBalHU(UIMPOBAHHBIX,
(byHIaMEHTAIBHBIX HCCIENOBaHMH B 3Toi oOnacTH, B OCODEHHOCTH — IOCBSIIEHHBIX
(GOpPMHUpPOBaHHIO U 3BOJIOHMM MHKPOCTPYKTYphl. Bce cka3aHHOe He OCTaBiAsSeT COMHEHHH B
BaXHOCTH M AaKTyalbHOCTH KpalHE CBOEBPEMEHHO TMosBUBHIErocs Lukia pabor JLA.
XKemuyHUKOBOM, KOTOPBIE X COCTABHJIM OCHOBY pELiEeH3UPYEMOH QucCepTaLuy.

MsHue, kak coTpymaHuky JlabGopatopum ruOpuUAHBIX HaHOMarepuajioB, ObUIO 0COOEHHO
IIPUATHO U B BBICIIECH CTENEHM IMOJIE3HO MIO3HAKOMHTBECS ¢ LUKIOM paboT J[.A. Xemuy)HHKOBOH.
OHH, HECOMHEHHO, CBHJETEILCTBYIOT O €€  BBICOKOH  KBamubHKauuy, nIyboKoi
9KCIEPUMEHTAIBHON U TEOPETUUECKOH KyIbTYpe ¥ JOCTOMHO MPOJOJKAIOT TPAAULIMU POCCHICKOH
IIKOJIBI B 0OMacTH GU3UKH M MeXaHUKM CyOMHKpO- K HAHOKPUCTAJUIMYECKHX MaTepuaioB. B
muccepranuu J[.A. XKeMuyXXHUKOBOH pa3BUTHI HOBBIE NOAXO0/bl UCCIIENOBAaHHUS, CHOPMYIHPOBAHbI
HOBBIE HJEH, IIOJyYeHBl HOBBIE IPUOPUTETHBIE pe3ynbTaThl. Pabora mnpexncraBnser coboii
3aKOHYEHHOE HCCIEIOBAHUE, U BMECTE C TEM, OYEHb YETKO OUYepuHuBas JOCTUTHYTOE, HE MEHee

YETKO YKa3bIBacT JaibHeHNIIne IIYTH Pa3BUTHUS.



Meroauka mucciaenopanusa. Cpenu A0CTOMHCTB paboThl ClelyeT B IEPBYIO OYepenb
OTMETUTEH KOJIOCCAIbHBIA OOBEM IPOBEACHHBIX ABTOPOM 3KCIEPHMEHTOB M0 HU3YYEHHIO, IPEXIE
BCEro, IpoueccoB (OpMUPOBaHUS YNBTPAaMENIKO3EPHUCTOH CTPYKTYphl NpH paBHOKaHAJIBHOM
yrinoBoM mnpeccoBanuu (PKVII) u cBapke TpenueMm c nepememmuBanueM. Jlo pabot aBTOpa He
yZensnocs 60JIbIIOr0 BHUMaHuUS ToMy (akTy, uTo pasmep 3epeH npu PKVYII nocturaer Hekotoporo
craunoHapHoro 3HadeHus. [.A. JXemuyxHHKOBOH yOeOWTENbHO MOKa3aHO, YTO OJHOBPEMEHHOE
yBEIIHYEHHE NTPOYHOCTH H IUIACTUYHOCTH BO BCEX JIe(OPMHUPOBAHHBIX COCTOSHUAX CITaBa Al-Mg—
Sc—Zr npu nonmxenue temnepatypsl oT 20°C 1o —196°C cBs3aHO ¢ MOJABICHHEM ATHHAMHYECKOTO
nedopManOHHOrO CTapeHHUs U yBelIu4YeHHeM ko3¢ dunuenTa ne¢opMannoOHHOTO YIPOYHEHHUS, YTO
IIOBBIIIAET YCTOHYUBOCTD INIACTHUECKOTO TEYCHHUS

Brneuarnser BHpPTYO3HOE BIIaJIEHHE AaBTOPOM COBPEMEHHBIMH OKCIIEPUMEHTATBHBEIMH
MetonukaMu. OcoOOEHHO BaXXHBIM MHE INPEACTABISETCS IIMPOKOE MCIIONB30BAHHE METOJa
Iudpaknun 0O6paTHOPACCIHHBIX 3IEKTPOHOB. DKCIEPUMEHTAIbHOE MAacTepCTBO aBTOpa, BHIIYMKA,
OCTPOYMHBIE METOAMYECKHE IIpHEMBI, INPOAYMAHHOE IPUBJICUEHHE IAPTHEPOB H3 JIYYIIHX
OTE4YECTBEHHBIX JJabopaTopuil 03BONMWIN HOOUTHCSA BIEUATJISIOUINX M BBUIAIOLIMXCS PEe3y/IbTaToB,
HECMOTpsi Ha OOIIEM3BECTHBIE TPYHHOCTH, C KOTOPHIMH IIOCTOSIHHO MPHXOMUTCS CTaJIKUBATHCS
9KCIIEPUMEHTATODY.

Hayunas HoBu3Ha. Cpey HOBBIX U BKHBIX PE3YJILTATOB, [TOJNyUYEHHBIX B paboTe, OTMEUY
CJIEAYIOILHE.

ObnapyxeHo, 4ro B JMTOM cmaBe Al-Mg-Sc—Zr yMeHbLIEHHE IIJIaCTHYHOCTH C
IIOHMXKEHHEM TeMIepaTypbl CBA3aHO CO CMEHOH MexaHu3Ma paspylleHHs OT BS3KOTO
BHYTPH3EPEHHOTO IPH KOMHATHOH TeMIepaType K XPYNKOMY MEX3EPEHHOMY Pa3pyIIEHHIO MPH —
196°C.

VbenutenbHO AEMOHCTPHPYETCS, YTO MEXaHHYECKHE CBOMCTBA YJIbTPaMETKO3epHHCTBIX
METAJUIOB BO MHOTOM OIIPEJIEIIAIOTCS 3€PHOTPAHHYHBIM CKOJIBXKEHUEM.

O6HapyxeHo, 9TO TIpH KOMHATHOH TeMmIiepaType Ha KPUBBIX pacTsKeHHs ciuiaBa Al-Mg-—
Sc—Zr mposBnsercs 3¢dext IlopreBena-Jle Illatenne. IloBeumenune ckopocTH aehopManuu
IIPUBOJMT K IEPEXOAY OT ocLMUIILMA HanpsbkeHus THna C k Tuny A+B u 3ateM k Tumy A, npu
3TOM YCTOHYMBOE pacrpoCTpaHeHHe Ae(OpMaLMOHHBIX [10JIOC COXpaHseTcs Oaxe NpH HH3KHX
CKOPOCTSIX Harpy>XEHHSL.

HecoMHEHHBIM JOOCTOMHCTBOM pabOThl SBISIETCA MOJY4YEHHE CBApHBIX COEAMHEHHH
rops4yeKkaTtaHbplx JUCTOB cruiaBa Al-Mg-Sc—Zr MeTonoM CBapkM TPEHUEM C IEpEeMEIIHBaHHEM.
KoadduuuenT npoyHOCTH TaKMX COEAMHEHHH IPH CTATHYECKUX HCIBbITaHUIX cocTariseT 90-100%

BO BCEM HCCIIEAYEMOM HHTCPBAJIC TEMIIEPATYP.
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IloxasaHo, uTO OJM3KME 3Ha4Y€HMs TPENETIOB MHOTOLMKIOBONH YCTAJIOCTH CBapHBIX
COENVHEHUA M COOTBETCTBYIOLIMX OCHOBHBIX MAaTE€pHallOB TaKXke CBsi3aHbl ¢ 0Opa3zoBaHHeM
MEJNIKO3EPHUCTOH  CTPYKTYPBl HEHTPAJbHOM 4YaCTH 1IBa, MPENATCTBYIOWIEH 3apOXKICHHIO
YCTaJIOCTHBIX TPEIIHH.

Takum obpasom, B pabore J[.A. XemuyxHukoBoil ObpUTH CHOPMYIHPOBaHBEI HOBEIE
IPECTaBIEHH O POJM HEOJHOPOIAHOCTH 3€PEHHOH CTPYKTYpHI B ()OPMHPOBaHHH MEXaHWYIECKHX
CBOMCTB yJABTPaMENIKO3EPHHUCTEIX METAIMYECKHX CIIIABOB. OTH IPEACTABIE€HHS NPHIOMHBI JJIS
OMHCaHMs ILIMPOKOro Kpyra IIPOLIECCOB M INpPO3payHbl B OTHOIIEHMH BApHAHTOB JajlbHEHIIEro
pasBUTHSL.

JlOCTOBEPHOCTh IIOJIy4EHHBIX B JHCCEPTAllMd pPE3yJbTATOB, OCHOBHBIX BBIBOJIOB,
3aKIIOUYCHUM M MOJNIOKEHHH Juccepraliud COMHEHM# He BbeI3bIBaeT. OHa ofecneuuBaercs
KOMILIEKCOM BBIBEPEHHBIX 3KCIIEPUMEHTANBHBIX METOAUK, IIMPOKHM CIIEKTPOM HCCJIeIOBaHHBIX
OOBEKTOB, pPa3IMYAIONIMXCS COCTABOM M CIPYKTYpOM, HCIIONB30BaHMEM HAIPaBJIEHHOTO
KOHTPOJIUPYEMOTO  BO3IEHCTBHA Ha MHKPOCTPYKTYpY o00pas3roB, OOJBIIMM YHCIOM H
BOCIIPOM3BOJUMOCTEIO IIPOBENCHHBIX ONBITOB H (U3M4YecKH OOOCHOBaHHON HHTeprpeTanueii
IKCIIEPUMEHTANIBHEIX JNaHHBIX, CONOCTABIECHHEM HAHNCHHBIX PE3YJBTATOB C CYLIECTBYIOIMUMH H
BHOBB pa3pa0OTaHHBEIMHY Ha 6a3e HONYyYEHHBIX Pe3yJbTaTOB MOJEISIMH U TeOpUAMH. [1oiyyeHHbIE B
paboTe pe3ynpTaThl INIPH3HAHBI HaydyHOH OOLIECTBEHHOCTBIO M AKTHBHO IMTHPYIOTCH
OTE€YECTBEHHBIMU U 3apyOEsKHEIMH aBTOPAMH.

Crhenannble B AMCCepTallMd BBIBOABI OOOCHOBaHBI M ITOJHOCTBIO OTBEYAIOT 3ajayaM
HCCIIEIOBAHUS U NTOIYYEHHBIM PE3yJIbTaTaM.

OTMeTUM OTIENbHBIE HeJOCTATKH PaboThl.

1. B pabore He oOcyxpaeTcs BO3MOXXHOE IIepepaclpelefieHHe IpUMecedl Mexiay
00bEMOM 3EpeH M TIpaHMIAMH 3€peH NpH pEe3KOM YMEHBIIEHHH pa3Mepa 3epHa. Takoe
NIEPEPACIIPENCIICHHE MOXKET BIMATh KaK Ha MEXaHH4YeCKHe CBoiicTBa o0Ob&ma 3épeH (u3-3a
YMEHBIIEHHA BKJNafa TBEPAOPACTBOPHOTO YIPOYHEHMS), TaK W Ha CKJIOHHOCTh TpPaHHIl K
IIPOCKAJIB3BIBAHHUIO U HX COIIPOTHBIIIEMOCTD PACIPOCTPAHEHHIO TPELIHH.

2. CocrtaB TBEpHOro pacTBOpa B MaTpulle (a 3HAYHT U €€ MEXaHHYECKHE CBOMCTBA)
MOXET HU3MEHAThCH HE TOJIBKO 33 CYET Cerperaldy KOMIIOHEHTOB CILIaBa Ha «HOBBIX» IpaHHIIAX
3€peH, HO M B pe3yjbTaTe ()a30BBIX IPEBPAINCHHH pacTBOPEHHS HIM OOPa3OBaHHS YACTHI
HUHTEPMETAIMAOB, BEI3BAHHBIX HHTEHCUBHOH AedopManueii. 3a 3TUM IPOLIECCOM MOXKHO GBUIO GBI
OPOCIENNTh, H3MepsAs IEPUOJ PpEINETKH TBEPAOTO pacTBOpa C MOMOLIBIO PEHTTEeHOBCKOM
nudpaxromeTpun. K coxanenuo, 3Ta BO3MOXKHOCTh He ObLna HCIT0/Ib30BaHa aBTOPOM.

3. Hy ¥, HakoHel, MeJKMe 3aMeyaHus IO TEKCTY W OGOPMIEHHIO JMCCEpTallMH, B

oeJIOM OYE€HR U OYCHE AaKKYypaTHO IIOATOTOBNEHHOH. Tak, He BHOJHE MOCIEA0BATENBHO



BBIZIEpXKHBAeCs CTUJIb OGOpPMIIEHUsT pUCYHKOB. Hanpumep, Ha MHOTHX PHUCYHKaX HCIIONIB3YETCS TO
obo3navyenue tumna «J{muHa (MM)», To — «J{aHa, MM» (Kak, ckaxkeM, Ha Puc. 4.8 mwim 4.10). Koe-
I7le B TEKCTe MepernyTaHbl HoMepa pUCYHKOB (HampuMep, Ha cTp. 23 win 24). JIaTHHCKHE CHMBOJIBI
B OTE€YECTBEHHOH monurpadguyeckoil KympType NpHHATO HabHpaTh KypcuBoM. VHorna aBTop 06
9ToM 3a0bIBaeT, Kak, CKakeM, Ha cTp. 24 wmu 196. B nutepatype Ha pycckoM S3bIKE IIPHHATO
HCHOJB30BaTh JECATHYHYIO 3alATyl0 (Kak B HEMELKOM), a He [AECATHYHYH TO4YKy (KaK B
aHTIMHCKOM), aBTOp IIOpOH He MPUAEPKUBAETCS 3TOTO MpaBuia, Kak, HarpuMep, Ha cTp. 19 umu 60.
BwMmecto kopotkoro tupe (-), MHHYyca (—), ITpuxa (—) WIH JUIMHHOTO INTpHXa (—) MOYTH BE3Me
HCIONB3yeTCS TONBKO THpPE — KaK BO BpeMeHa MEXaHWYECKHX MUIUIYHMX MamuHOK. Hurme ne
yKa3aHO, Kak{he IIPOLIEHTHl HCIONB3YIOTCS NpPU YKa3aHHWH COCTaBa CIUJIAaBOB — ATOMHBIE HIH
MacCOBEIE.

CrenaHHble 3aMeYaHUsi HUCKOJIBKO HE MOTYT H3MEHUTh OOlIell MOJIOKUTENbHOH OIIEHKH
muccepramuu  J[.A. XKeMuyXHHUKOBO#, paboTa NpOU3BOAUT OYEHb XOpOIIEe BIEYATIEHUE, H
HOBU3HOI uzelt, U HOBU3HOH pe3ynbTaToB. Hanbosee HHTepecHbIE U3 HUX OBUTH OTMEYEHHI BBIIIE,
U OHH, 0e3yCIOBHO, BHOCAT BecOMbIH BKJaA Kak B Gu3uky AedeKkToB, (U3UKY MIaCTHIESCKOM
nedopmaruu, GopMHUpOBaHUS M pelakcauuu OedeKTOB peLIeTKH, TaKk ¥ B (DH3UUECKHE OCHOBBI
METAJUIOBEIEHUS U TEPMHYECKOit 06paboTKu METaIOB U CILIABOB.

PexomMenaanum no ucnoJib3oBaHuio padotel. PezynpraTsl pabots! [1.A. XXemuayxHUKOBOH
MO3BOJIAIOT ITPOTHO3MPOBATh CBOMCTBa CYOMHUKpPO- U HAHOKPHUCTAUIHYECKUX MAaTepHalIOoB, 3THM
onpeneNseTcs WX 3HAYMMOCTh Ui HayKd M NpakTUKW. [losnyueHHBIE pe3ynbTarbl MOTYT OBITh
HCIIOJIB30BaHbl KaK IIPH pelleHHH HCCIEeN0BAaTeNbCKUX 3ajady, TaKk W B IpakTH4ecKod pabore
MHOTMX OpraHu3aluif, IJi1 KOTOpPBIX BaXHO MMeTh HHPopManuid 00 O0COOEHHOCTIX
YJIBTPaMENIKO3EPHUCTON CTPYKTYphl MAaTEPHANOB W WX BJIHSHHM Ha MEXaHHYECKHE M (PH3MYECKHE
cBoiictBa. B ux uucne unctutytel PAH: UOTT, UTITM, UMETMAT, UDX, UOHX, UM® YPO
PAH, U®DIIM CO PAH; otpacnessie: [ITHUNYepMer, BUAM, BUJIC; ob6pazoBarensasie: MOTH,
MUCuC, CnbI'Y, CunbI'TY, dakynsrer Hayk o marepuanax MI'Y, HHI'Y, TT'Y, YI'ATY u apyrue.

VY6enutenpHa poBeeHHas anpobanus padorTsl, pe3yabTaThl KOTOPOH ObUTH HON0XKEHBI Ha
JIECATH MEXIYHApOJHBIX M HAllHOHAIBHBIX KOH(EPEHLHUAX, a TakKe OTPAKEHH B CEMH
nyOnuKanusaX B peleH3UpYEMBIX XKypHalaX W narente. Bee Hanboee BaxxHbIe pe3ynbTaThl paboTh
OTpaXKeHHBI B 3THX nyOnukauusx. JIMuHblil BKIaJ aBTOpa TaKXe HE BBI3BIBAET COMHEHHH — BO
BceX MyOmuKanusx e€ UMs CTOMT HepBbIM B crucke aBTopoB. [ A. JKemMuyXHHKOBA — U3BECTHBIH
kak B Poccuu, Tak u 3a pybexoM crenuamuct B 00JacTH 3KCHEPUMEHTAIBHOIO HCCIEOBAHUS
B3aUMOCBSI3H MUKPOCTPYKTYPBI C GH3UYECKUMH U MEXaHHYECKUMH CBOHCTBAMU TBEPABIX TEIL.

ABTopedepaTr ameKBaTHO OTPaXKAa€T OCHOBHOE COJEPXKAaHHE AUCCEPTAlMM, BBIBOJABI H

MTOJIOXKCHN I, BBIHOCUMBIC Ha 3alIUTy.



CuynTaro, 4TO IO CBOUM LENAM H 3aJavaM, COACPKAHMIO, METOJaM HCCIEAOBaHUA H
Hay4HoI HoBu3He auccepranus [[.A. XemuyXHHUKOBOH COOTBETCTBYET MAcIOpPTy CHELHUATbHOCTH
05.16.01 MerannoBeneHue U TepMudeckas ob6paboTka METAJUIOB M CILUIABOB, TEXHUYECKHE HAYKH
(n. 2: «Teoperuueckne H OSKCIEPUMEHTANIbHBIE MHCCIEA0BaHUA (a3sOBBIX M CTPYKTYPHBIX
IIpeBpallleHUu# B MeTalNIax M CIUIaBax, IPOUCXOAAIIMX NPH Pa3/IM4YHBIX BHEIIHUX BO3JECHCTBHUIX),
. 3: «TeoperHuecke U 3KCIEPHMEHTAIBHBIE HCCIEHOBAaHUA BIHUAHUA CTPYKTYpHl (THIa,
KOJIMYECTBA M XapakTepa pacipefeeHus Ne¢eKToB KPUCTALTMYECKOTO CTPOEHH S ) Ha Qru3ndecKue,
XMMHYECKHE, MEXaHHYECKHE, TEXHOJIOTMYECKHE M 3KCITyaTallMOHHBIE CBOMCTBA METAUIOB H
ciaBoB», 1. 4: «TeopetHyeckue H  OKCIEPUMEHTAIbHBIE HCCIENOBAaHUS TEPMHYECKHX,
TEPMOYNPYTUX, TEPMOIUIACTHYECKHX, TEPMOXUMHUYECKUX, TEPMOMArHUTHBIX, DPaJUallHOHHBIX,
aKyCTHYECKUX U APYTUX BO3AEHCTBUH MU3MEHEHHS CTPYKTYPHOI'O COCTOSIHUS M CBONHCTB METAIOB U
CILJIaBOBY) U yAOBJIeTBOpsieT TpeboBanusaM 1. II. 9 TonoxeHus o npucyxqeHUH YUEHBIX CTENEHEH.
Cuurato, uyro aBTop paboTh! J[.A. JKeMuyKHHUKOBA 3aC/Ty)KUBAECT IPUCYXAECHHUS €l YYEeHOU cTeneHn
KaHAMJaTa TEXHHYECKHX Hayk no crenuanpHocTy 05.16.01 MerannoBeneHue U TepMuYecKas

06paboTka METaJIOB U CILIaBOB.

CBeneHus 0 COCTaBUTENE OT3HIBA
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