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O(MIHEANBHOTO OIIIOHEHTa Ha AUCCePTALUIO
CmuproBa Axapes Hukoraesuda
Ha TeMy «C TpyKTypa, TepMOCTOUKOCTh U SJIEKTPUTCCKUEC CBOMCTBA
MHOTOCTOHHBIX HAHOCTPYKTYP (Mg/NbO,)s2, (Mg/ZrOs)s2, (Ni/ZrO2)7»
1o crienmalibHocTd 1.3.8. du3nka KOH/ICHCHPOBAHHOTO COCTOAHMA

Ha COMCKaHKe yIEHON CTelCHN KaniuaTa pU3MKo-MaTeMaTHIeCKUX HAYK

AKTy‘JJ[ HLHOCThL TE€MbI JJUCCEPTALHHA

TlonydeHne i MCCIENOBAHNC MHOTOCIOHHEIX HAHOCTPYKTYpP METAJLI-OKCHA
SBJISIETCS JIMHAMFYIO pa3BUBarolelics 00macThio HaHOTexXHOJOTUH. B Ka4decTBe
OIHOM 3 OCHOBHLIX OCOOEHHOCTEH MHOTOCIOMHBIX HAHOCTPYKTYP CIERYET CHU-
TaTh pasjie/bHOE HaHeCeHHe METallIYecKol 1 JAIIEKTpUUECcKod (a3 mpu IMoiy-
YEeHHMM, YTO [103B0JI4ET 3HAYNTCIIBHO CHU3UTE BEPOSTHOCTE OKMCIICHIA MeTalInye-
CKUX CHIOEE. DTO ClLpaBeTHBO JTaxKe U XMMIIECKH aKTHBHBIX METalIOB, KOTO-
pBle Nerko crocoOHbl 00pasoBbIBATE OKCHIL. B cBsI3M C OTHM, MHOIOCTIOWHBIC
HAHOCTPYKTYpbl oOccrednBaior bonee IUPOKHil CTIEKTP BO3MOYXKHBIX COUCTAHHMH
MATEpHAJIOB, UTO Y BeIdrBacT 00.1acTh UX MPAKTHIECKOTO MPUMEHCHHA 10 Cpas-
HEHHIO, HaIpUMep, ¢ KOMIIO3H THBIMH HAHOCTPYKTYPaMHu. B 3aBHCUMOCTH OT TOJI-
[MHBl METAJUIMYECKUE CJIOW MOTYT MMEThH PasHylo MOP(OJIOTHIO: IPEICTaBIATh
co6Oif COBOKYITHOCTH HEKOHTAKTUPYIOLIMX APYT ¢ APyroM HaHOHacTHI, HU30TPOII-
HO pacrpe/[CIEHHLIX B Mpejie/iaX Cliost, HiId 00pa30BBIBATH CILIOMIHBIE ITPOBOL-
e obnacti. B J(@HHOM cilydae OYeBHIHA ONPE/ICIIONIAd poilb MOPGhOJIOTHH
CIIOSB BO EMSHUM 11a CBOMCTBA MHOTOCTOHHBIX CTPYKTYp IPU TOM, 9TO SJIEMEHT
HBIH COCTAB OOBEKTOB HE MCHsETCA. IJTO JETaeT BO3MOXKHBIM bopmupoBaHUe
HAHOCTPYKTYD C 30/1aHHBIMH XapakTepUCTHKAMK 33 CHET WU3MEHEHWs TOJIIIUHEI
08B 6e3 maMeHe v BX (GazoBOro cocrasa. B 3TOM KOHTEKCTE HCCIIENOBaHMA,
npoBenéHible B Auccepranuy CMUpHOBA A.H.. HarpaBJIeHHbIE HA H3Y41E€HHE BIIIS-

HUS TOJIILMHBEL METAIITAIECKIX HAHOCJIOEB Ha CBOMCTBA MHOTOCJIOMHBIX HaHO-



CTPYKTYD, 4 TaKKe yCTAHOBJICHHE BIMSHUA XMMUYECKOH akTHBHOCTH (a3, obpa-
3YIOIIMX HAHOCTPY KTYPBI, HA MX TEPMUYECKYIO yCTOMYUBOCTD SABJIAIOTCS BaKHBIMH

¥ AKTYa/ILHBIME K1K C HAYYHOM, TaKk 1 ¢ IPAKTHYECKOH TOYEK 3peHHSL.

Crenens 060CHOBAHHOCTH HAYYHBIX MOJIOMKEHHUIT, BHIBOAOB H PeKOMEHIalMH,
copMyIHPOBAHHBIX B INCCEPTALHH

OGOCHOBAHITIOCTD HAYUIIbIX [I0JOKEHUH U BBIBOLOB AMCCEPTALIH 00yCI0B-
JleHa TeM, 110 oHH c(POPMYJIHPOBAHBL Ha OCHOBE OOJIBIIOro 00BEMa IKCIEPUMEH-
TAIBHBIX JIAHHBIX, 1 TAKXKE COrJTACOBAHHOCTBIO Pe3yNbTaToOB, IOJY4EHHBIX € 110~
MOILBIO Pa3HBIX HCCIIENOBATE/IBCKMX METO/IHK. CdopmyTupoBaHHbIE BBIBOJBI HE
IPOTHBOpEYAT TEOPETUYECKUM JaHHbIM ApYriX pccienopareei, omy0nuKoBaH-
HBIM B OTKDBLITOH 11CUATH M COITIACYIOTCS ¢ OOIIEIPUHATHIMU KOHLICTIHAMH buzu-

KM KOHJICHCHPOBAliioro COCTOSAHMSIL.

I[OCTOBCpHOC'H‘b ¥ HOBH3HA ¥ccjaeJ0BaHsl, NOJY4YEeHHbIX pe3yabTaToB,

BLIBOJIOB H PeKOMeH/(auuii, chopMyIHPOBAHHBIX B AHCCEPTAIIMH

J[oCTOBEPHOCTH TIOTYUCHHBIX Pe3yIbTaTOB, HayTHBIX MOJIOKEHUN U BBIBO-
0B, cOpMYIHPOLAHHBIX B JIHCCCPTALIUH, 00ycloBneHa OONBIIMM 00BEMOM 3KC-
EePUMEHTATLHOTO MATepHaa, CONOCTABIEHUCM JaHHBIX, MOJTYIeHHBIX Ha oOpas-
[1ax, XapakTepUCTH K KOTOPLIX (TONIIMHA CIIOEB) U3MEHSIIOTCS 110CTIeI0BATENILHO U
c HeGONBLIIMM 11l OM, BOCIIPOM3BOJMMOCTBIO PE3yJIbTaTOB MU COITTACOBAHHOCTHIO
JAHHBIX, TI0JIyUeHIILIX PU HCCICIOBAHAK PAa3HBIX XapaKTEPUCTHK H3y9daeMbIX
06BEKTOB. DKCIIEpHMEHTABHEIE PEe3yJIbTaThl HE IIPOTUBOpEYaT NaHHbIM, orry01u-
KOBAHHBIM B JIUTCPATYPE JUlsl [MOL00OHBIX OOBCKTOB HUCCIIEN0OBAHMA. Hosu3Ha uc-
clenoBaiins 00ycioBIeHa HOBH3HON OOBEKTOB (BriepBbIe IOJTYYEHbl U U3yYEHBI
cTpykTypb! (Mg/Zr02)s: 1 (Ni/Zr05)7,), a TaxyKe OPUTHHAIBHBIM IOJXONOM, 33~

KJIrovaroemMes B 110JydeHHn U Hcclie/I0BaHnumn HapTI/Iﬁ o6pa3u013 MHOT'OCJIOMHBIX



CTPYKTYP, oIy aiOHmMxces Jipyr OoT Jpyra 'I‘OJIIHHI—IOﬁ CHOéB, HpI/I‘IéM BeJIMYHWHA

mrara u3MeHeHUs TOJIIIHUHBI COCTaBJIsIeT MEHEE OJTHOTIO HM.

TCOpCTI/l‘{C(‘EC‘dH H npaxrudecKast 3HAYUMOCTD JHUCCEPTALHH

HanGosee B KHBIMY HAy YHBIMU Pe3yJ/IbTaTaMH SIBJISTFOTCSI CIIEY IOIIHC:

1. Crabminzamms MeTacTabuILHBIX MOoIudUKail (OpTOPOMOUIECKOH H
KyGudeckoil haz) B HeTErMPOBAHHOM HOKCHIC IIMPKOHMS KUCIOPOIHBIMI BakaH-
CUSIMHU.

2 VeTaHOoB ICHHE MEXAHM3MOB PE3KOro pocTa CONPOTHBIICHHMS MHOTO-
crnoiHbX nanoctpy kryp (Mg/NbOy)ga, (Mg/ZrO2)s2 1 (Ni/ZrO3)72 cO CIUIOIIHBIMH
CIOSME METannuucckoi (a3l HabiiogaeMoro mpu Harpese. OnpeieneHue BIHs-
HUS XUMEAUeckold axtuBHocTH (a3, (OpMHUPYIOUIMX CTPYKTYPBI, Ha MEXaHHM3M
JAHHOTO pocTa.

- B nanoctpykrypax (Mg/NbO,)s poct dJIEKTPOCONPOTHBICHHUS 00ycIoB-
JleH TPOTEKAHUEM METaJUIOTEpPMUYECKON PeaKIMU: OKUCICHHE CIIOCB MarHui 3a
CdYeT pasioKeHns oKkcuaa HHoOuMs U 00pa3OBaHUE BBICOKOPE3MCTUBHOTO COCTOS-
HUS U3 CJI0CB OKCH/1a MArHusl i HHOOMEBLIX HAHOKIACTEPOB;

- nanoctpyrrypax (Mg/ZrOz)s; pocT 371€KTPOCOTPOTUBIICHHS TAKXKE 00y-
CIIOBJIEH OKHMCIEH!ICM MArHUs, OJHAKO IPH DTOM Pa3JIOKEHUS OKCH/Ia HUPKOHWA
He IIPOMCXOJIUT, @ 13LICOKOPE3ICTUBHOC COCTOSIHNS B OTHX oGpasuax 00yCIOBICHO
HaIUeM JIBYX JUOJIeKTpIIecknX (a3: OKCHJIa IMPKOHMUS 1 OKCHA MATHI,

- B nanoctpyxrypax (Ni/ZrOz)7, oKuCIeHHs METANIAYECKUX CJI0CB HE MPO-
FCXOJUT, POCT BJICKTPUYECKOIO CONPOTHBICHHS CBA3AH C PaspyIICHUEM JABYMEp-
HBIX (HAHOPA3MEpHHIX) CIOER HMKENs B pe3yNbTaTe PEKPUCTAIIH3ANN, HHHIITHI-
POBAHHOM BBLICOKH MU TEMIIEPATYPAMHU.

3. HabGmojciine yBeJMYeHUs IIOTHOCTH DJIEKTPOHHBIX COCTOSIHUM Ha
yposHe (DcpME B VIHOTOCTOMHBIX HAHOCTPYKTYpax (Mg/Z1r0O5)s2 ¢ TUCKPETHBIMU
MeTALIHUCCKIMH CJIOIME Toc/e oTkura npu Temiepatype 873 K, kotopoe patee

HE Ha6m();;a1[acr> 1111 B KOMIIO3WTHBIX, HU B MHOT'OCJIOMHBIX HaAHOCTPYKTYpax, YTo



00yCIaBIMBaACTCS Y BEIUUEHUECM KOHIEHTPAIN ne(ekToB (KUCIOPOAHBIX BaKaH-
cuii) B MaTPUIIE AMOKCHIA IHPKOHUS.

C TOUKM 3pCliKs TPAKTHUECKON 3HAYMMOCTH HanboJIee BXKHBIMK Pe3yIIbTa-
TaMU SABJISLEOTCS CJIC /Y IOLIHE!

1. TIlomydyeiisl MHOTOC/IOWHBIC HAHOCHCTCMBI (Mg/NbOy)s2, (Mg/ZrOs)s2 1
(Ni/ZrOy)7> ¢ TpajliCHTOM TOJIHIIMHBI METATIMICCKUX CIIOCB.

2. Tloyderisi MHOTOC!IOWHBIC HAHOCTPYKTYPBI (Mg/ZrO)s> ¢ HEOKHUCIIEH-
HBIMH C10sMi (M1 HAHOYACTUIIAMH) MarHUs 3a CYCT UCTIOJIb30BAHMA cTaOMIIBHO-
r0 JMOKCH/IA [IUPKOHIS B Ka4eCTBE JUIIEKTPUICCKUX CITOEB.

3 VCraHOBJIGHO, YTO [0CTIEN0BATeIFHOE yBEINUSHHE TOIINHBI METaJIIN-
yeckux cnoés (Mg umu Ni) B MHOMOCIOHHBIX HAHOCTPYKTypax (Mg/NbOn)s2,
(Mg/ZrO2)s> 1 (Ni/71O2)72 COIIPOBOIKIACTCS NIEPEXOAOM OT JIMCKPETHBIX CIIOEB Me-
Ta/UIa K CIUTOMIHbBIM [TpOBOsiiM ciosaM. Tako Mop(ororudeckuit nepexos 00s-
SCHSIET HaJ[MUMe HJICKTPUUECKOro ropora NepKosIuyd BO BCEX WCCIIeIOBAaHHBIX
CUCTEMAX.

3. VeTaHOBJICHO, 9TO CJIOUCTas MOP(ONOTHs B HCCISIOBAHHBIX HAHOCTPYK-
Typax COXPaHsIOTCs MOCIe TCPMUUECKUX OTKUIOB TPH CPaBHUTEJILHO BBICOKHX
temmeparypax: 723 K i (Mg/NbOy)s2; 673 K st (Mg/ZrOs)s; 1 723 K nns
(Ni/ZI'OQ)73.

Pexomenjaluu iio HCNOJIL30BAHUIO Pe3y/IbTaTOB U BHLIBO/OB jiHccepTallHH

[TosnyueHHbiC B paboTC pe3ylbTaThl U c(popMyIUPOBAHHBIE BbIBOBI OynyT
[OJIe3HB! NIpU pa3padOTKe HOBLIX MHOTOC/IOWHBIX CTPYKTYP MeTalll/OKCHA, MpH
[POTHO3UPOBAHUN MX TepMHUUECKON yCTOHYMBOCTH M, Camoe IJIaBHOC, MIPOTHO3M-
POBAHMHU XapakTepa W3MEHEHHs X JNIEKTPUICCKOTO COIIPOTHUBIICHUS MTPU TEPMH-
yeckoM BoO3zjedcrsid. IIpejcraBienHbIe pe3yJIbTaThl IO3BOJIAIOT ONpPEICIUTE
TOJIIMHBL, [IPU KOTOPBIX METAIIMYECKUE CIIOH CTaHOBATCA JIUCKPETHBIMH, 4TO pa-
JIUKAIBHO M3MEHSCT CBOMCTBA MITOTOCIOMHBIX cTpYKTYyp. [lomy4deHHbie pe3ybTa-

THI MOKIIO PEKOMCH/[0BATh ISl UCIIOJIb30BAHIS Hay1HBIM rpyriamM, paboTarolIKM




B 06JIACTH KOMIIO3 M THBIX ¥ MHOTOCIOMHBIX HAHOCTPYKTYp, Hanpumep, B Mockos-
CKOM TOCY/IapCTBeiHOM yHHBepcuTeTe, HannoHaabHOM HCCIEA0BATEIbCKOM IIE€H-
tpe "Kypuarosckuii uHCTUTYT", OOBEAUHEHHOM HHCTUTYTC bu3uku TBEPIOTO Te-

Jla ¥ oIty TipoBoAr 1 KoB HarionaipHolM akajaeMuy HayK benapycu u 1p.

C(),uepmalme JuccepTramnuu

I[HCCGPT&HIMI COCTOUT M3 BBEJIEHMUS, IIECTU I'JIaB, BHIBOJIOB U CIIMCKa JIMTE-
paTyphl. Bo @eeoeiuu COUCKATCIIEM obocroBaHa aKTyaJIbHOCTb TEMbI JUCCEpPTa-
oH1u, C(b()pM)"HI/IpOB'dHa [eJdb M [10CTaBJIeHbI 3a/ladH HCCJleJOBaHMs, OTMEUCHAa HO-
BH3HA U IIpaKTHYCCKad LIEHHOCTL TTOJIYYECHHBIX pe3yabTaToB, IIpHUBEICHBI OCHOB-

HBIE ITOJIOKEHHUSI, BLIHOCUMBIC Ha 3alIUTy.

Iepeas znaea CONCPIKUT nuTeparypHelif 0030p MO TeMe JMCCepTalMH.
[MpencrasiicHbl Kpi' KA CBEJICHUI O MHOTOCIIOMHBIX HAHOCTPYKTYpax, uX MOpQo-
JIOTHH U SIEKTPHUCCKHUX cBolicTax. OOCYK1al0TCs OCHOBHBIC 0COOEHHOCTH Mar-
HUs M MHOTOCJION[bIX CTPYKTYp Ha HX ocHOBe. IIpe/cTaBieHbl o1y OJIMKOBaHHbBIE
JAHHBIE O CTPYKTYPE U CBOHCTBAX MHOTOCIOHHBIX CHCTEM Mg/NbO ¢ TOJICTBIMA
CIIOSIMM Mal T sl

Bo ¢mopoii 2;1aée omycan MeToJl 0Ty 1eHH MHOT'OCJIOMHBIX HAHOCTPYKTYD,
ABJSIOIIIXCsE 00BCKTOM HcclieoBanms B padore. 1IpuBeIeHbl OCHOBHbIC ocobeH-
HOCTH OPUIMHAJBIONO PeIIeliysl, TO3BOJIUBIIETO B OIHOM HAIBUICHHH 0JTy4aTh
CTPYKTYPBI C pa3Hoii TONLMION MeTaJuInuecKkux coép. Tak ke B riase NpuBeae-
HO OIMUCAHMC UCIIO/IL30BAHHBIX METOJIOB UCCIICIOBAMA.

Tpempa 2naea TOCBALICHA U3YIEHUIO CTPYKTYPBL 1 CBOMCTB TOHKHX ILIE-
HOK, C(OPMHPOBAlitiLIX 3 YMCTBIX KOMIIOHCHT (Mg, NbO, u ZrO;), KOTOpBIE B I10~
CIIEYIONIEM HCTIO!L30BaHbI JUls (POPMUPOBAHHU MHOTOCJIONHBIX cTpyKTYyp. IToka-
3aHBL OCOBCHHOCT!H (POPMUPOBAHIS [1TIEHOK MATHUS, HATBUIEHHBIX B IUKIIHICCKOM
peXHUMe 1 CTabuIH3alusa BBLICOKOTEMITEpaTypHO (a3pl OeCIpPIMECHOro ANOKCHIA

OUPKOHMST 3d cyeT KMCIOPOJAHDBIX BaKAHCHUI.



B uemeepnioii 21aée 1pUBOJATCS PE3YJIBTAThl HCCIIEOBAHKS MHOIOCTION-
HO HaHOCTPYKTYphl (Mg/NbOy)s2 B KOTOpOH ToIIIMHA OUCIIOs MEHSETC OT 2,2
10 6,2 tM. 1lokasailo, 9To OKMCIICHHE MarHMeBOd (asbl B IPOLECCE IOJYICHHUS
IIEHOK [IPOMCX0uiT Ha rpanuie pasaena Mg/NbO,. YcraHOBIEHA 3aBUCHMOCTD
3IEKTPUUECKIX CBOMCTB IOJIYYCHHBIX CTPYKTYp OT MOP(OJIOTUH MarHUEBBIX CJIO-
eB, KaK B HCXOJHON COCTOsII, Tak U B mporiecce Harpesa. IIpusoaures 00BsICHE-
HEEe aHOMA/[LHOIO CKA4KOOOPA3HOI'0 POCTa DJICKTPUIECKOr0 CONPOTHUBJICHUA IIPH
HArpeBe MHOTOCIONHBIX CTPYKTYP CO CIUIOMIHBIMYA MartUeBBIMU CJIOAMHU KaK pe-
3yJNBTAT METAIIOTCPMUYECKO PCAKIINH.

ITsmast 2aaea TMOCBSIICHA HMCCIEIOBAHUIO MHOTOCIOWHON HAaHOCTPYKTYPEI
(Mg/ZrO,)s>. MHOIOCTIOHHOCTE 0]y YEHHBIX HAHOCTPYKTYP [10JITBEPKAEHA PEHT-
FeHOBCKOM peduertoMeTpueit u BBLICOKOpa3pellarolen [IPOCBEUMBAIOIIEN DIIEK-
TpoHHOH MuKpockorel. [Tokasaro, 9To UCIOJE30BAHUE B KATECTBE JUAJIEKTPUKA
OKCHA IMPKOHHUs 1T03BOJIMIIO [OJYyYUTh HEOKHUCICHHYIO ¢azy marausa. C momo-
B0 KOCBCHHBIX MCTOJIOB JIOKA3aHO IOJIydYEeHUE CTPYKTYp (Mg/ZrO»)s2 ¢ muc-
KPETHBIN 1 MATIHCBLIME Cl1osivi. [loKa3aHo, 4To Mop(oIorust CIOER c1ado BIHUAET
HA XapaKTep TeMIICPATYPHOH 3aBUCHMOCTH CONPOTHBICHHS CTPYKTYDP pU Harpe-
ge. Ha ocrose ana/i3a TeMIlepaTypHOH 3aBMCUMOCTH CONPOTUBIICHUS H3MEPCH-
goit B maTepsane 77 - 300 K paccunranbl 3HAYCHUS INIOTHOCTH 9IIEKTPOHHBIX CO-
crosHuit na yponine @epmu. MccesiesoBaHO H3MEHCHHE INIOTHOCTH COCTOSIHUH,
IPOKCXO/IsiIlee B PE3yJIBTATe OTIKUTOB ¥ TCPMUIECKast YCTONYMBOCTL CJIOMCTON
MOP(OIOTHH HAHOCTPYKTYP (Mg/7Z1r0O,)s2 B LIETIOM.

B wiecmoil 2iage TPUBOJITCS Pe3ybTaThl MCCIICIOBAHMA MHOTOCJIOMHON
cTpykTypbl (Ni/Zr()2)72. YCTaHOBICHO HAIMYHIE TIOpOra MEePKOJIILIUM B HAHOCTPYK-
Typax (Ni/ZrOz)72, CBS3aHHOIO ¢ W3MCHEHHEM MOP(}OJIOrUU HUKEJIEBbIX HAHOCIIO-
8B [P yBC/MYCHI M MX TomuiHbL. [10Ka3aHo, 4To B JIaHHOM crucTeMe MOP(OIIOTHS
HAHOCJIOGE HUKENs CYLIECTBEHHO BIHMSET HAa TeMIEPaTypHytO 3aBUCHMOCTD SMCK-
TPOCOMPOTUBIICHNS [TPU HAIPEBC. VY cTaHOoBJIEHBl MeXaHW3Mbl, OTBETCTBEHHBIC 3a
W3MEHeH sl COIPOTUBIIEHHS 1aHOCTPYKTYP (N1/ZrO)7, ipu HarpeBe U IOKasaHa

onpenemnomaﬂ POJIbL MOp(bOJI()FI/II/I HUKEJIEBHIX CJI0EB B OTUX MEXaHU3MaAX.



B soriiouer i IPUBE/ICHLI OCHOBHBIE BBIBOJIBL, C(OPMYIIMPOBAHHBIE 110 pe-

3yJIbTaTaM PaboTh!.

JanmeuaHusi no pabore

b [Ipy wcCea0BaHN CTPYKTYPHBIX M3MEHEHUH, IPOUCXOISIIKX B 6ec-
IIPUMECHOM JIOKCHJIE IIUPKOHHS B Pe3yJIbTAaTe TePMIUIECKOro BO3/ICHCTBUS, TIPHU-
MEHSUICS. KaK OOBICHBIA TepMUICCKU HArpeB, TaK U (POTOHHBIA OTXKHI. Jlnst Tep-
MIUYECKUX OTKHUTOB B pabOTe MPUBOJSATCS 3HAYCHUSA TEMIICPaTypbl, 1PH KOTOPOM
OH ocyuiecTBIsUIcs. B cmydac (pOTOHHOTO OTIKATA IPUBOJUTCS JIMIIE MOIIIHOCTD
FMITyJIbCA, BO3/IEHCTBYIOIIEro Ha IJICHKY. He coBceM MOHSITHO, KaK B 9TOM ClIy4ae
COMOCTABILITH Pe3YJ/ILTAaThl BO3/ICHCTBUH, €ClIi TIapaMeTphbl BO3JIEUCTBUS Pa3JINIHBI

(TeMIeparypa i MOIHOCTH)?

2 [Ipu orpemeneHuyu [IOTHOCTH SJICKTPOHHBIX COCTOSIHUM Ha YPOBHE
®epmu (g(EF)) B 0Opasnax (Mg/Zr02)52 uCcro/b30BaliCh TEMIEPATYPHBIC 3aBH-
CUMOCTH 3JIEKTPOCOIPOTHBIICIHs. B TeKcTe CKa3aHo, 9To g(EF) ompenensinace 1o
YIJIy HAKJIOHA KPHBBIX IKCHIEPUMEHTAIBHBIX 3aBHCUMOCTEH, TTIOCTPOEHHBIX B CIIe-
[MaTbHBIX Koopaniarax (puc. 5.18 u 5.20). I'lonyueHHbIE 3aBUCUMOCTH HE JVHEN-
HEI BO BCEM HCCIIC/(OBAHHOM HITepBalie Temieparyp. B TeKcTe He OIMCBIBACTCH,
KaK OCYIIECTBISLIOCH ONMpeJIc/ICHUE yIila HaKkJIoHa (MHBIMH CJIOBAMH, KaK IPOBO-
JWiach mpsMas: B BHAE KacareibHOM K Jiyre; B BHJIC JIMHHH, COeIUHSIOLIEN
HaYaJIbHOE 1 KOHCUHOE M3MEPEHHOe 3HAa4YeHNE; B BUJC arIpOKCUMAIMOHHOH IPs-

MO H T.IL.).

3. B o6pasuax cuctemsl (Mg/Zr0O2)52 pocT cONpOTUBICHHU [PH HAIPe-
Be CBS3aH C OKUC/ICHHEM MarimeBod (asbl, OJHAKO OTMEYAETCs, 910 BOCCTAHOB-
JeHust LAPKOHMS 113 ero OKcu/[a (KaK 9T0 6pu10 B cuctemMe Mg/NbO) He mporcxo-
uT. Ilpu 5TOM B OTJIMYHE 01 CHCTEMBI Mg/NbO, B obpasuax (Mg/Zr02)52 Ton-
LMHA OKCH/UHBIX C/IOEB 3HAuKTe/IBHO OOJIbIIe, HeM TONIIMHA MAHHACBRIX CJIOEB.

B03MOIKHO, 4TO NP 00paTHOM COOTHOMICHMH TOJIIIITH (ciion Mg GoJiee TOJICTBIE,



geMm ciort ZrQ) MpOMCXOoMuiio Obl TAKOE JKe BOCCTAHOBJIEHHE OKCH/Ia IMPKOHMUS. K

COXaAJICHHIO, B TEKCTC pa60’r1>1 STOT acCII€KT HC O6CY)KII8.HCH.

4. O6uapyxKeHHbII B 06pasuax (Ni/ZrO2)45  MarHuTOpe3uCTUBHEIHN
3¢ eKT ONmUChIBACTCS aBTOPOM KaK «OTPHUATENbHBIA M M30TPOMHbINY W B Kade-
CTBE JOKA3aTesbCTBA MPUBOJIUTCS pUc. 6.6. M3 pucyHKa JICHCTBUTEILHO CIIEAYCT,
410 (QPEKT OTpPHIATETBHBIH, 0/IHAKO COBEPLICHHO HE CIIEIy€eT, YTO OH M30TpOll-
Hbli. HeoOxomumo OBUIO MPe/ICTABUTH JOIOJHUTENBHBIE 10Ka3aTeIbCTBa U30-

TPOITHOCTH.

S. B Jiuccepranu MMCHOTCSH HE3Ha4YUTECJILHBIC H€6p€)KHOCTI/I nu oredar-
KH.

Harnpumep, «11ppatorpamMel» BMECTO APPaKTOrpaMMbl (Ctp. 83).

B MOMITHCH K PUCYHKY 4.12 yKa3bIBaeTCs PUC. «a» W PHUC. «B», B TO BPEMA
KaK Ha caMOM PHCYHKe mpuBe/ero Tpu (1) u300paxeHus U HE yKasaHo, e «a» 1

«O».

B rexcre Hanncano «ToJIHHa MHOTOCIONHEIX HaHOCTPYKTYp (NI/ZrO2)45
OLEHMBANAC] C MCII0JB30BANMCM METOJMKH, TOJPOOHO ONMCAHHOH B IyHKTE 2l

Ha camom Jielie 310 IIyHKT 2.3.

VYkazanHble 3amMedaHusi He HOCAT I'IpI/IIIIlI/II’II/IaIII)HOI‘O Xapaxkrepa U He 3aTpa-

TUBAIOT OCHOBHOTO coAepIKatiisid 1 IIOJIOKEHU I auccepranmnu.

Nrorosoe 3aKjio4yenue no pabore

[lposenannas pabora 1PEACTABIAET co0OM 3aKOHUEHHOE HCCIIeIOBAaHUE,
BBIITOJIHEHHOE 112 BLICOKOM HaydHOM ypoBHe. IlomydeHHbIE pe3ybTaTbl XOPOIIO
anpoOKpoBalisl, Oil OBUIM 1PE/ICTABJIEHBI Ha 14 poccUiiCKUX KOH(EpeHIUAX H
CeMHHapax M JIOCTaTOYHO I10JHO OTPAKEHDLI B 22 my6aMKalusaxX, U3 KOTOpbIX 7
crateii BXO/IT B Iiepedersb BAK, moyy9eH naTeHT Ha MOoJIe3Hylo MOIC/Ib «TBepno-

TEJIBHBIN ax KYMYJBITOP BOAOPO/1a».



CozeprKaHue JIACCEPTAIMN COOTBETCTBYET MyHKTaM 1, 3 1acmopty CIeny-
aibHOCTH 1.3.8. d)1i3MKa KOH/ICHCHPOBAHHOTO COCTOSIHUS. ABTOpedepar COOTBET-
CTBYET COZIePIKAHIIO U CTPYKTYPE IMCCePTaluy U aJ€KBAaTHO OTPaKACT MOJydeH-
HBle B paboTe pe3ysibTathl. [1y0iMKalnd cONCKaTels COOTBETCTBYIOT U3JI0KEHHO-
My MaTepuaily.

Taxum o0pazoM, auccepraiys CMApHOBA AHIpes Huxomnaesuua « CTpyKTy-
pa, TEPMOCTOMKOCTHL M DIIEKTPHIECKHES CBOMCTBA MHOT'OCJIIOMHBIX HaHOCTPYKTYP
(Mg/NbOy)s,  (Mg/ZrOs)s, (Ni/ZrOy)70»  sBISIETCS  3AKOHYCHHOM — HAy4HO-
KBaTH(UKATMOHHON paboTOH, B KOTOPOH COJEPXKUTCS PEIICHUE 3a/adH yCTaHOB-
TeHys BIMSHIS TOJIIIAHBI CIOEB U XUMHYIECKOW aKTUBHOCTH KOMIIOHCHT Ha CBOM-
CTBa M TEPMHUECKYIO CTaOMIILHOCTD MHOTOCTOWHBIX HAHOCTPYKTYD, MMEIOLIeH
3HAUeHNe JUIsl PA3BUTHIS 3HaHNi 3 00nacTi GU3NKHU MHOTOCJIOMHBIX HAHOCTPYKTYP.
Ilo aKTyabioCTH, HOBHU3HE, 00LEMy, HAydIHOH 1 TIPUKJI8THON 3HAYUMOCTHU IOJTY~
YeHHBIX pPe3yJIbTaloB AUCCePTaIlds COOTBETCTBYCT TpeGOBaHUSAM, yCTAHOBICHHBIM
. 9-14 TTososkerinst 0 TOps/iKe MPUCYKIACHNST yICHBIX cTerneHel, yTBepKICHHOTO
Mocranosnetiuem [ Ipasutensersa PO ot 24.09.2013 . Ne 842, mpenbsBiIsieMbIM K
JWccepTALIM Ha COMCKAHKME yUCHOH CTEIeHI KaHAu/aTa HayxK, a ee aBTOp 3aciy-
JKUBAET [IPUCYIKJICHNS yUEHOM CTeleny KaHnaaTa (pu3NKO-MaTeMaTHYeCKIX HayK

no crienmaisiocti 1.3.8. Gu3nKka KOHJACHCHPOBAHHOIO COCTOSHUSI.

OdurmaneHbIi ONITOHEHT

JokTop (pU3MKO-MaTeMaTHYECKUX HayK, FOpaxos IOpuit Anekceesud
CTapILKil Hay4YHBI COTPYIHHUK,
npodeccop Kapeupbl /L%W{,a,;

M3MKW TBEPJOTO Teila U HAaHOCTPYKT / .
¢ p AOSEPITYP ) 2. 03, Apps
OI'BOY BO «BopoHEeKCKUH LQeyAeREeTBCHHbIN
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KouTakrHbie jaHHbIe:
tei.: +7 920 450 5895,
e-mail: yurakov(@ phys.vsg
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CrienraibHOCTL, 110 KOTOpOoi 0!

samuuiena juccepranus: 01.04.07 «CDH3HKa KOHEHCUPOBAHHOI'O COCTOSHUS.



Anpec mecra paboThI:

394018, r. BopoHck, YHHBepcuTeTCKas MIOMAlb, |

depiepanbiioe Tocy IapCTBEHHOE OI0KeTHOE 00pa30BaTeIbHOE YIPEKICHHUE
BBICIIEr0 00pazoBuius "BopoHeikckuil rocy/1apCTBeHHBIN YHHUBEPCUTET"
Ten. +7 473 2208363

e-mail: yurakov(@phys.vsu.ru



