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OT3bIB BEJIYIIENA OPTAHU3AIIUU

benepaabHOro rocy1apCcTBEHHOTO aBTOHOMHOTO 00Pa30BaTEIbHOTO YUPEIKICHHUS
BBICIIIET0 00pa3oBaHusl «beIropoICKuil rocy1apCTBeHHBIN HAIIMOHAIBHBIA

uccienoBatenbckuil yausepcute™ (HUY «benl V)

Ha nuccepranuio CmupHoBa AHnpes Hukonaesuua

«CTpyKTypa, TEpPMOCTOMKOCTD U SJIEKTPUUECKUE CBOMCTBA
MHOTOCTIOWHBIX HAaHOCTPYKTYP (Mg/NbO,)s2, (Mg/ZrO5)ss, (N1/ZrO3)72»,
[IPEJICTABJIICHHYIO Ha COUCKaHUe YUEHOU CTeIIEHU
KaHauaaTa GU3nKo-MaTeMaTUIECKUX HayK
1o cnenranbHocT 1.3.8. @u3nka KOHJEHCUPOBAHHOTO COCTOSIHUS

AKTYaJIbHOCTb T€MBbI AUCCEPTALHHU

MpHuorocno#taeie  HaHocTpykTypbl (MHC)  sBIsiIOTCS — yHUKaJbHBIMU
o0bexTamMu, CHOPMHUPOBAHHBIMH W3 HECKOJNbKUX (a3, Kaxmas U3 KOTOPBIX
IIpe/ICTaBlIeHa B BHJIE YEPeayIOIIUXCs APYr 3a JIPYyroM CJIO0EB HAHOMETPOBOM
tonmuHel. Ocobennoctu nosydenuss MHC (mocnenioBarenibHoe (GopMUpOBaHUE
KaX/I0r0 CJI0S HE3aBUCHMO OT JIPYTUMX CJIOEB) ITO3BOJISIOT COBMEIIATh B OJHOM
00BEKTe XUMMYECKH aKTUBHBbIE MarTepuaibl, ob0ecriednBas MUHUMAIbHOE
B3auMmojieiicTBre Mexay Humu. Hanpumep, MHC moryT cocTosiTe U3 XMMUYECKH
aKTUBHOI'O MeTajula M Marepuana KaTtaiuzaropa. Eciam TommuHa CcloéB He
IPEBBILIAET HECKOJIBKUX HaHOMeTpoB, B MHC HaunHatOT MposiBISITECS pa3MepHbIe
3QhEeKThI, YTO CYIIECTBEHHO H3MEHSIET CBOWCTBA BCEH CTPYKTYPBI, I103BOJISS
JIOCTUTaTh XapaKTEePUCTUK, HEBO3MOXKHBIX B OOBIYHBIX TOMOTEHHBIX MaTepuhasiax.

B yacTHOCTH, MpOSIBISIOTCS KBaHTOBBIE 3(h(MEKTHI, MPUCYTCTBYET YepeI0BaHHE



TUIIOB MarHUTHOI'O YIIOPSAOYEHHsT MexXIy ciosmu U T.4. IIpo6remoit MHC
SBIIIETCS HHU3Kas TEPMOCTOMKOCTh — TPU HarpeBe BO3MOXKHO BO3HHKHOBEHHE
MeK(a3HOro B3aUMOJEHCTBUS, UTO MPUBOAUT K Pa3pyIICHUIO CTPYKTYphL. B sToM
cBa3u Tema pguccepramuu CmupHoBa A. H., moCBAMEHHAsS HCCIETOBAHUIO
TEPMUYECKON YCTOMYMBOCTU U 3BOJIOLUU CTPYKTYPHl M BJIEKTPHUYECKUX CBOUCTB
IIPY HarpeBe MHOTIOCIIOMHBIX HaHOCTPYKTyp Mg/NbO,, Mg/ZrO, u Ni/ZrO, c
HAHOPa3MEPHEIMH CIIOSIMM, SIBJISIETCS BaXKHOM M aKTyalIbHOM KakK C HayYHOU TOYKH
3peHHs], TaK U B IUIaHE IPAKTUYECKOrO IPUMEHEHHS.

HayyHas aKTyaJbHOCTH OIpenensieTcs WCCIENOBaHHEM MEXaHU3MOB,
TIOCPEICTBOM KOTOPBIX IIPOMCXOAWUT H3MEHEHHE CTPYKTYPBl U OJIEKTPHYECKUX
corictB MHC mnpu TepMHUecKOM BO3JEHCTBHH, a TaKKe 3aBUCHMOCTH ATHUX
MEXaHU3MOB OT JJIEMEHTHOI'0 cocTaBa (a3, GopMuUpyromuX ciiou. C MpakTUIECKO
TOYKH 3PEHUsI aKTyalbHBI CaMH CTPYKTYpBI, MIOIy4YeHHbIE B PabOTe — AUCKPETHEIE
MHOTOCJIOMHBIE CHCTEMBI C HAHOPa3MEPHBIMH METAUIMYECKUMH YaCTUIAMHY,
pactpeieNi€HHBIMU CIIOAMH B 00BbEME OKCHIHON (hasbl, a TakKe 3aKOHOMEPHOCTH

TEPMHUYECKON YCTOWYMUBOCTH TaKMX OOBEKTOB.

HoBu3Ha uccieoBaHUs U IPAKTHYECKAS] 3HAYMMOCTD MOJIy4eHHbIX
pe3yJabTaToB

B paGore moiydeHBl M HMCCIIENOBAHbl TPH MHOIOCIONHBEIE HAHOCTPYKTYDHI
(Mg/NbO», Mg/ZrO; u Ni/ZrO,;) B KOTOPBIX BBIGOD KOMIIOHEHT OIpeIeIsIcs
obwed 3anadeldl — u3ydeHHEM BIHSHHUS XHMHUYECKOM aKTHBHOCTH (a3 Ha
BO3MOXXHOCTh ()OPMHMPOBaHHUsS HAHOCTPYKTYPUPOBAHHOW CpEIBI C COXpaHEHHEM
3THX (a3 B HCXOJHOM COCTOSIHHM. lIpUMeHEHHAS OPUTHMHANBHAS TEXHOJOTHS
TI03BOJIMIIA MTOIYyYUTh 00pa3ubl MHC ¢ pa3HO# TONIMHON METaUINIEeCKUX CIIOEB
OIPOOHO HKCCNENOBaTh BJIMSHHME TONIIMHBEI Ha MOP(OJIOTHIO, SIEeKTPHYECKUe
CBOMCTBA ¥ TEPMOCTONKOCTH CHOPMUPOBAHHBIX HAHOCTPYKTYP.

B pesynprare npOBeNEHHBIX HCCIEIOBaHWM OBUIM MOIydYeHBl HOBBIE U
OpUTMHAJIbHBIE PE3yJIbTATHI.

JKCHepUMEeHTAIBHO IIOKa3aHo, 9TO KHUCIIOPOIHBIE BaKaHCHUH
CTaOUIN3UPYIOT MeTacTabumbHEle Momubukammu ZrO, (OpTOpoMOMUEcKyI0 H

KyOudeckyro (asbl) IIpd KOMHATHOW TeMmIepaType 6e3 BBEIEHHS B OKCHII



CTaOMIM3UPYIOIIUX TPUMECEH.

YCTaHOBJIEHO, YTO HCIOJb30BaHME IUOKCHAA I[IMPKOHHUS B KadyecTBe
IU3JIEKTPHYECKUX CI0EB mo3BossieT GpopmupoBate MHC Mg/ZrO, u Ni/ZrO, c
HEOKHCJICHHOM MeTajulndeckod (ha3oi, B TOM UYHCIE C HEOKUCIEHHBIMH
HaHOpa3MEPHBIMU YacTullaMu Mg v Ni.

Ycranosieno, uro HarpeB MHC Mg/NbO,, Mg/ZrO, u Ni/ZrO, o 600 —
700 K npuBOAUT K pE3KOMY BO3PACTaHMIO 3JIEKTPOCOIPOTUBIIEHHS HA HECKOIBKO
MOPSAIKOB, OOHAKO (HM3MYECKHE MEeXaHM3MBI JOTOr0 pOCTa pasiM4HEl U
OIPENENAOTCS XUMUYECKOH aKTUBHOCTEIO (has3:

- B MHOTOCJIOWHBIX HAHOCTPYKTypax Mg/NbO, pocT 371eKTpoCOnpOTUBIEHHS
00yCJIOBIEH NPOTEKaHWEM METANIOTEPMUYECKON PEaKLIUH — OKHUCIICHHEM CIIOEB
MarHust ~ IpH  pPas3lOXEHWH  OKCMAa  HUobus u  (hopMHpoBaHHEM
BBICOKOPE3UCTHBHOI'O ~ COCTOSIHMSI M3 OKCHJa MarHus W  HHOOUEBBIX
HAHOKJIaCTEPOB,;

- B MHOT'OCJIOMHBIX HAHOCTPYKTypax Mg/ZrO, poCT 3J1eKTpOCOIPOTUBIIEHHS
TaKKke 00YyCIIOBJIEH OKHCIEHMEM MATHUs, OJHAKO Pa3lIOKEeHUs OKCHJIA IUPKOHMUS
HE NPOUCXOIUT, & BEICOKOPE3UCTHBHOE COCTOSIHHE B 3TUX 00pa3iax 00yCIOBIEHO
HaJIM4MeM JIByX JIMIJIEKTPUYECKUX (a3: OKCUIa IUPKOHMS U OKCHA MAarHUs,

- B MHOTOCIIOMHBIX HAaHOCTpPYKTypaxX Ni/ZrO, OKHCIIEHHS MEeTaUTHYeCKUX
CIIOEB HE MPOMCXOIHUT, POCT 3NEKTPUYECKOTO CONPOTHBIEHUS CBS3aH C
paspylICHHEM [JBYMEPHBIX CJIOEB HHUKENS B pe3yNbTaTe pPEKPUCTAIUIA3ALNY,
UHUIIMMPOBAHHON BEICOKMMH TEMIIEpaTyPaMH.

OO6HapyeHO yBenuYeHHe IIOTHOCTH 3JIEKTPOHHBIX COCTOSHHUI Ha YPOBHE
®epMH B MHOTOCIOWHBIX ~ HAHOCTPYKTypax Mg/ZrO; ¢ JIHCKPEeTHBIME
METAJUTHYECKUMU CIIOAMH TI0CiIe OTXura npu Temmnepatype 873 K, uto panee me
HaOIonanach HA B KOMIIO3MTHBIX, HH B MHOTOCIONHBIX HaHOCTPYKTypax.
IIpenmonaraercs, 49T0 3TO  OOYCNOBICHO ° yBENWYEHMEM  KOHLEHTDPALHH
CTPYKTYPHBIX Ie(DEKTOB (KUCIOPONHBIX BaKaHCH) B TMOKCH/IE [IUPKOHHSL.

Ilomy4yeHHble B QUCCEPTALMHU Pe3yJbTATEl U CHOPMYTHPOBAHHBIE BBIBOIBI
SIBIIFOTCS HOBBIMHM U IIPEACTABISIIOT HAY4YHYIO U IIPAKTHUECKYIO LIEHHOCTH. B

HaCTHOCTH, Hay4YHas 3HAYUMOCTh PE3yJIbTATOB 3aKJIFOYAETCS B TOM, YTO Ha OCHOBE



YCTaHOBJIEHHBIX B JOMCCEPTAllMM MEXaHU3MOB BO3MOXXEH IIPOTHO3 3BOJIIOLIUU
CTPYKTYpPbl M 3JEKTPUYECKHX CBOHCTB 0OBIXx MHC MeTami/okcua Ha OCHOBE
aHalM3a XHMMHWYECKOM aKTUBHOCTH a3, (OPMUPYIOIIHUX O5TH OOBEKTEL.
[IpakTuyeckas LEHHOCTb OOYCJIOBJIE€HAa YCTAaHOBIEHHBIMH B PaboTe YCIIOBHSIMHU
IOJTy4YeHHus: W TreoMeTpuyeckuMmu mnapamerpamu MHC, KoTopble I03BOJNSIOT
I10JIy4aTh MHOTOCIIOMHBIE CTPYKTYPhI C TUCKPETHBIMA METAJTIHYECKAMH CIIOSIMH.
ITonyyeHHsle B JAMCCEpTallMU 3KCIEPUMEHTAIBHBIE pE3yJIbTaThl MOTLYT
OKa3aTbCs BOCTPeOOBAaHHBIMM B  HAay4yHBIX JlaboparopusXx W  IIEHTpaXx,
3aHUMAIOIIINXCS HCCIIEIOBaHUSIMU reTePOreHHBIX HaHOCTPYKTYP
(HAHOKOMITO3UTHBIX ¥ MHOT'OCJIOWHBIX), B YaCTHOCTH, U3yYE€HUEM UX MOP(OIOTHH,
JJIEKTPUYECKHX CBOMCTB M BOIPOCAMH TEPMOCTOHMKOCTH. Y CTaHOBJIEHHBIE
3aKOHOMEPHOCTH M BBIBOALI MOIYT OBITh IIOJIE3HBI HAYYHBIM KOJUIEKTHUBAM,
3aHMMAIOLIMMCS  pa3pabOTKOH MaTepHaloB JMJisi MEMpPHUCTOPOB Ha OCHOBE
OKCHUJIHBIX CTPYKTYp. Pe3ymbraTel paboTbl MOTryT OBITH PEKOMEHOBAaHBI I
HCII0Ib30BaHusl B MOCKOBCKOM rOCyJapCTBEHHOM YHHBEPCHTETE, Benropomckom
rOCYAapCTBEHHOM HAI[MOHAJILHOM MCCIeNOBaTeIbCKOM yHuBepcurere «HAY
benl'Y», HauronansHoM HccieoBaTensckoM neHTpe «KypuaToBekuii HHCTUTYTY,
HNuctutyTe OTTull  HAHben, HNucTuTyTe (1)71370974 GO = PR
uM. JI. B. Kupenckoro (KpacHosipck), Boponexckom rOCyIapCTBEHHOM
yHUBepcHuTeTe, TaMOOBCKOM TIoOCYJapCTBEHHOM TEXHHYECKOM YHHBEPCHUTETE,

benopycckom rocyiapcTBEHHOM YHHBEPCUTETE M IIP.

OGocHOBAHHOCTH M AOCTOBEPHOCTH HAYYHBIX MOJI0KEHHii, BLIBOJOB H
3aKJIIYeHHH
[Tonoxenus, copMynupoBaHHbIE B TUCCEPTAIMH, OCHOBAHEI HA GOJBIIOM
00béMe (DaKTHYEeCKOro Marepuaia, BLIBOABI OOOCHOBAHBI COBOKYITHOCTBIO
NPUBEAEHHBIX JaHHBIX, BBIOOPp METOMOB MCCIIENOBAHUAS M CTATHCTUYECKAs
00paboTKa SKCIIEPUMEHTANIBHEIX TAHHBIX aﬂeKﬁaTHLI IIOCTaBJICHHBIM 3ajadaM,

MOCTOBEPHOCTH PE3yJIbTATOB HE BHI3BIBAET COMHEHUH.

O06Bem H CcTPYKTypa AuccepTalHH

Huccepranus CmupHOBa AHApess HukonaeBnua COCTOMT W3 BBEIEHHS,



IIECTH IJIaB, 3aKJIOYEHUS U CIHcKa juteparypsl u3 112 wcrounukoB. OCHOBHAS
JacTh paboTHI U3N0KeHa Ha 161 cTpaHuIaX, cCOmepHUT 97 PUCYHKOB U 4 TaOIIUIIEL.

Bo BBeneHHH 000CHOBaHa aKTyallbHOCTh pabOTHI, CHOPMYITHPOBAHEI IENH U
3a]laud UCCIIeJOBAHUS.

IlepBasg rnaBa mpencTaBiseT coOONM JIUTEpaTypHBIA 0030p MO TeMe
IMccepTald. B 4YacTHOCTM, NPUBOASATCS CBeACHUS O MOP(OIOTHH U
DIIEKTPUYECKUX  CBOMCTBaX MHOTOCIOHHBIX HaHOCTPYKTYp. PacCcMOTpeHEI
pe3yNbTaThl UCCIIENOBAHUN MHOTOCIOMHBIX cucteM Mg/NbO co CpaBHHMTENBHO
TOJNCTBIMH ciiosiMu (50 u Gontee HM).

Bropas rnaBa mocBsleHa ONKCAHUIO MeETOJAa IMOJNy4YeHHs O6pasloB H
HCIIOJIB30BaHHBIM JKCIIEPUMEHTAIBHBIM METOUKaM HCCIeN0BaHus. B yacTHOCTH,
OMMCHIBAIOTCS  TEXHOJOTWYECKHE  NPUEMBI,  IMO3BOJSIONIME B OJHOM
TEXHOJIOTMYECKOM LIUKJIE€ IOJyYUTh MHOIOCIOHHBIE HAaHOCTPYKTYPLI C Pa3sHOU
TOJIIIMHON METANINYECKUX CIIOEB.

B rmase «CTpyKTypa M CBOMCTBa TOHKHX IUIEHOK, C()OPMHPOBAHHEIX M3
4ucThiX a3 (Mg, NbO u ZrO,) B pesysibTaTe HOHHO-JIYYEBOTO PACIBUICHHUS
ONHO(A3HBIX MHUINEHE» IIPUBOAATCS pPe3yibTaThl HCCIENOBAHHUS CTPYKTYPHI
YACTBIX (a3, U3 KOTOPBIX BIOCIEACTBHU OYyAYT COHOPMUPOBAHBI CIIOH
ucciaenyembix MHC. [lns wanbuienHoro ZrO; 3KCIEPUMEHTAIBHO MOATBEPXKIEH
3 deKT cTabWIn3ayy MeTacTabIbHBIX MOAM(BUKAINH THOKCUA KHCIOPOIHBIMH
BaKaHCHUSIMHU.

B rmaBe «Mmuorocnoiinasg HaHocTpykTypa (Mg/NbOy)s» HpecTaBiIeHs!
OKCHEPUMEHTANbHBIC [aHHBIE HCCIENOBAHUS CTPYKTYPBI M OJIEKTPHYECKUX
CBOMCTB OOpa3lOB 3TOH CHUCTEMBI B HMCXOJHOM COCTOSHHM H IIOCNE OT)KHIOB.
[Tokasano, 9TO Ipy MHUHMMAIBHON TOJIIMHE CJIOM MArHHs MONHOCTHIO OKHUCIIEHE,
NP yBEIWYCHWH TONIIMHBI — OKHMCIAETCS TONBKO 00iacTh wuHTEpdeiica.
OGHapy:xeHo, 4To npu HarpeBe o6pas3noB Mg/NbO, co CIIITOIIHBEIMH MATHUEBEIMH
CIOSIMH  IIPOMCXOJUT METAIOTEPMHUYECKAs pPEeakI¥si, COMPOBOXIAOIIASCS
OKHCJICHHEM MarHusi 1 BOCCTaHOBJIEHHEM HHOOHSI, YTO IIPUBOJUT K PE3KOMY POCTY

3JIEKTPOCONIPOTUBIIEHUSI CTPYKTYPEL.

B rmaBe «MuorocnoliHas HaHOCTPyKTypa (Mg/ZrO))s» NpHBEIEHbI



pe3ysbTaThl KCCIENOBAaHWM, IIOKA3bIBAIOIME, YTO MCIIOJIb30BAaHHE OKCHIA
IIUPKOHUS BMECTO OKcHIa HHoOWs mno3Bosiser mnonyunth MHC, B KOTOpPBIX
HaHOPa3MEPHLIE CJIOM MarHusl OCTAlOTCS HEOKHUCIeHHBIMU. [lokazaHo, 4TO mpH
500 K u BBILIE IPOUCXOAUT IOJTHOE OKUCIEHHE MarHUEBBIX CJIOEB, YTO IPHUBOIUT
K pOCTYy O3JEKTPOCOIPOTHBIECHUS OOpa3lOB Ha HECKOJBKO TOPSAKOB C
COXpaHEHHEM CIIOMCTOM CTPyKTypbl. Ha ocHOBe aHamm3a TeMIepaTypHBIX
3aBHCHUMOCTEM  CONPOTHUBIIEHUS  ONpENesulach  IUIOTHOCTh  DJIEKTPOHHBIX
cocTosiHuM Ha ypoBHe Depmu U 00HapykeHO, uTo oTKUT mpu 8§73 K mpuBoauT k
pOCTy 3HAYEHWH IUIOTHOCTH JJIEKTPOHHBIX COCTOSIHHI, YTO CBSA3BIBAETCA C
YaCTHYHBIM Pa3JIOKEHHEM OKCHJa LUPKOHMS U Iuddy3ueil aToMOB KHCIOPOAa B
¢a3y maruusi.

B rmaBe «MHorocnoiiHas HaHocTpykTypa (Ni/ZrO,)ss» ucciemoBaHo
BJIMSIHME TOJIIMHBI Ha Mopdoioruo u snektpuueckue csoiicrsa MHC Ni/ZrOs.
[Toxazano Hamuuue SIEKTPUYECKOrO IIOpOra MEPKOJSLUK, O0O0YCIOBIEHHOTO
YBETIMYCHUEM TOJIIMHBI HUKEJIEBBIX HAHOCIIOEB U U3MEHEHHEeM UX MOP(HOIOTHH OT
IOWCKPETHOW K CIUIOLIHOM. YCTaHOBJIEHO, YTO OKWCIICHHs HHKeIeBOH (a3l He
NPOUCXOMUT Haxe mocie 30 MHUHYTHOro BaKyyMHOro omkura mpu 963 K, a
MHOTOCTIONHOCTE coxpansercs o 773 K. ITokazano, 4To MOp(hoIorus U TOIIIUHA
METAJUIMYECKUX CJIOEB OmIpeZesseT XapakTep W3MEHEHHUS 3JIEKTPUYECKOTO
conporusienus MHC Ni/ZrO, npu HarpeBe W yCTaHOBJIEHBI MEXAHH3MBI ATHX

U3MEHEeHUMH.

3aMeyaHus 1O qHCCEPTANMHU

K muccepranuu umeeTcs psii 3aMedaHuii.

1. Bosnbluas yacTe BBEEHHUS JUCCEPTALUY MTOCBAIIEHA TPOGIeMe XpaHESHH S
BOZOpOAA B KayecTBe TUApUIA MarHus, HaXOSIIIEr0Cs B
HaHOCTPYKTYpHUPOBaHHOM COCTOsSHMHM. OnHako B camoii pabore HcclenoBaHUI
IPOLECCOB HABOJOPXXMBAHUsI IOIYyYEHHBIX MHOTOCIONHHBIX HaHOCTPYKTYp HE
IIPOBOAMIIOCE. B 9T0¥ CBsA3M BO BBEIEHHH CIIEOBAO OOJIbIllee BHUMAHKE YAEIHTD
aKTyaJIbHOCTHU T€X aCIIEKTOB, KOTOPBIE UCCIIeI0BAIUCEH B paboTe.

2. HVutepeceH  oOHapyXeHHBIH  d(dexT  yBenWYeHHs  IUIOTHOCTH

BJIEKTPOHHBIX COCTOSHMH Ha ypoBHe ®PepMuH B HaHOCTPyKTypax Mg/ZrO,,



IIOJBEPrHYTHIX OTXKUIY, OOBIYHO B HAHOCTPYKTypax HaOJomaeTcs OOpaTHBIM
apdext. OmHako 3TOT pe3ynbTaT IOJyYeH KOCBEHHBIM METOJOM Ha OCHOBE
aHaJIM3a TEMIIEPATypPHBIX 3aBUCHUMOCTEN 3JIEKTPOCONPOTUBIIEHHUS UCCIIEIOBAHHBIX
obpasnoB. CremoBajgo MPOBECTH AaHAJOTHMYHBIE HCCIIEJOBAHUE C IIOMOIIBIO
aJIbTEpHATUBHOI'O METO/a, YTOOBI HCKIIIOUYUTH BIIUSHUE HEYUTEHHBIX (DaKTOPOB.

3. B nmuccepranuum npu 0003HAUCHMM HU3y4aeMBIX CHCTEM BCeEraa
yKa3bIBaeTcsl obIee KonuuecTBO cioéB (82, 52, 72). Ilpencrasisercs, 4To 3TO
U3JIMIIHE, ITOCKOJBKY IOly4aeMble npu uccienoBanmun MHC xapakTepucTHKH
SBJISIFOTCS MHTErpajbHBIMUA U U3MEHeHHe yucia cyioéB Ha 10 umu 20 He IOHKHO
BIIMATH Ha IIOJIy4YaeMble PE3yJbTaThl. YKa3aHHE TOYHOTO YMCIA CJIIOEB II03BOJISET
IpeAnojiarath, YT0 U3MEHEHHUE KOJIMYECTBa CJIOEB Jake HAa 1 MOXKET BIMATH Ha
CBOMCTBA BCEHl CHUCTEMBI B IIEJIOM.

4. Cyns mno pesynprataM I[IOM COOTHOILIEHHE MEXAY TONIIMHOMN
MarHueBbIX M OKCUAHBIX (NDO wm ZrO,) cioéB B HCCIIENOBaHHBIX CHUCTEMAax
pasnuyHo. B mepBOM cilydae TOJNIIMHA MarHHEBLIX CIIOEB OONbIIE OKCHIHBIX
(NbO), Bo BTOpOM ciydae (ZrO,) menbie. OnHako B paboTe 3TOT ACIEKT HUKAK
He 00CyXIaeTcs, XOTs OH MOXKET BJIHMATh Ha XapakTep (a3oBBIX HM3MEHEHHH,
npoucxonsaumx npu Harpese MHC.

3ameuanus peoaxmopckozo xapakmepa.

1. B TeKcTe BCTpeYarOTCsI HECOTTIACOBAHHBIE TIPENJIOKEHHS.

2. Ha puc. 5.20 u 5.21 npuBOAATCS HaHHBIE MOJNyYEHHbIE Ha 00paslax,
npomenmux omKUr. Ha puc. 5.20 — ucxonusle nansele, Ha puc. 5.21 3HadeHus,
TIIOJTyYeHHBIC TP MepecyeTe MCXOAHBIX NaHHBIX. ONHAKO B MOIMUCH K PUCYHKAM

yYKa3aHbI pa3Hble 3HaYEeHUs TeMIlepatypsl oTxura 823 u 873 K.

CooteercTBHE aBTOpedepaTa OCHOBHBIM MOJIOKEHUSIM JHCCEPTALHMH

ABTOpedepar  aucceprammum  OQOpPMIEH IO  KIACCHYECKOH — CXeMe,
COOTBETCTBYET YCTAHOBIIEHHLEIM TpeOOBaHUSAM. Marepuaibl, IpeACTaBlIeHHbIE B
aBrope(epare, TOYHO OTPAXKAIOT OCHOBHBIE DE3yNbTaThl  IIPOBEJEHHBIX
HCCIIEJOBaHUH, CO3/IAI0T YETKOE IPEJCTaBIEHHE O COACPKAHHMU JUCCEPTALUH H

CTCIICHHU y4JacCTHA aBTOpa B UCCIICNOBaHUSIX.



IToaTBepskaeHNEe ONMyOJINKOBAHHBIX OCHOBHBIX Pe3yJ/JibTAaTOB
AUCCePTALIMH B HAYYHOI meyaTH
OcHOBHBIE pe3yJabTaThl JUCCEPTALlMd OIyOJMKOBaHBI B 22 HAyJYHBIX
paboTax aBTOpa, B TOM 4YHCIIe B 7 CTaThiX B XXypHajaX, BXOISIIUX B IE€pPEUEHb
BAK, u3 KOTOpBIX 5 — B H3JaHUIX, UHIEKCHUpPYEeMbIX B 0a3ze HaHHBIX Scopus,
II0JIy4€eH NaTEeHT Ha MOJIe3HYI0 Mofenb. PaboTa mporuia cepbé3Hyro anpobaruio Ha

BCEPOCCUMCKUX U MEXAyHapOIHBIX KOH(DEPEHITHIX.

3akj0ueHne

Huccepramuss CmupHoBa AHzapes HukonaeBwua sBisleTcss  HaydHO-
KBaNM(UKAIIMOHHOM pPaboTOH, B KOTOPOH COHEPIKUTCS peIIeHHEe aKTyalbHOI
Hay4YHOM 3amayd. B jguccepTalud  yCTAHOBJIEHO  BIMSHHE  TOJILLMHEI
METAUIMYECKUX CJIOEB Ha MOPQOJOTHIO, TEPMHUYECKYIO YCTOMYHMBOCTL U
DIIEKTPUYECKHE CBOMCTBA MHOT'OCIOWHBIX HAaHOCTPYKTYP METa/LT/OKCHI, a TaKKe
OINpeJeNIEHbl MEXaHM3MBI, IIOCPEICTBOM KOTOPBIX IPOUCXOAUT pa3pyIleHHe
MHOTOCJIONHOCTH IIpM TEPMHYECKOM Bo3zxeWcTBuu. Jlucceprarus obiagaer
BHYTPEHHUM €UHCTBOM, COAECPKUT HOBBIE HAyYHBIC PE3YJIbTAThI, & JTUYHEIN BKIIA]
COMCKATeJIs He BBI3BIBAET COMHEHHUSI.

Ilo TeopeTmyeckodi M  INPaKTHYECKOM  3HAYMMOCTH  PE3yJILTATOB
IPOBEICHHOI0 HCCIEIOBAHUS, aKTyalbHOCTH BBIODAaHHOH TeMBI, HAYYHOM
HOBHU3HE, JOCTOBEPHOCTH ¥ 0OOCHOBaHHOCTH HAayYHBIX PE3yJIbTaTOB, AUCCEPTALAS
CmuproBa Amngpes HukonaeBHYa ITONHOCTBIO COOTBETCTBYET TPeGOBAHHAM
[TomoxxeHnuss 0  NPUCYXKIEHUM  YYEHBIX  CTETNEHeW,  YTBEPHKIEHHOIO
Ilocranosnenuem IlpaBurensctBa P® ot 24.09.2013 1. Ne 842 (pen.
ot 16.10.2024), nmpeanbsIBIseMBIM K IUCCEPTALMSIM HA COMCKAaHME yYEHOH CTeleHu
KaHIWJaTa HayK, a €€ aBTOp 3aclyXHBaeT IMPHCYXIEHHUS YYEHOM CTeleHn
KaHquuaTa (HU3UKO-MaTeMaTHYeCKUX HayK II0 CchenuanbHocTH 1.3.8 ®msuka
KOHICHCUPOBAHHOT'O COCTOSTHUS (Q)H3HK0—MaTeMéTquCKHe HayKH).

Huccepramus CmupHoBa A. H. 3acmymmBamack u  obcyxmamack Ha
pacIIMpeHHOM 3acelaHMu Kadeapbl TEeOPEeTUYECKOH U  IKCIEPHMMEHTAIBHON
(usnku  (enepanpbHOro TOCYIapCTBEHHOIO aBTOHOMHOIO 00pa30BaTeIbHOrO

YUIpeXACHUsT  BhICIIETO  00pazoBaHus  «benropoickuii  rocynapcTBEHHEIH



HAIlMOHAJIBHBIM ucciaenoBaTenbekuit yHuBepcute™» (HUY «benl'V»). Ot3mIB
COCTaBJIEH M YTBEPXKIEH Ha OCHOBAaHWM aHalM3a OUcCCepTaliu, aBTopedepara,
MyONMKalUi COMCKaTens, a Takxe obOcyxneHunm noxiama Cmuprosa A. H. Ha
PacIIipPEeHHOM 3aCelaHUU MPUCYTCTBOBAIO 5 JAOKTOPOB (PU3HUKO-MaTeMaTHUYECKHX

HayK I10 crienuaabHoCTH 1.3.8. @usnka KOHASHCUPOBAHHOTO COCTOSHUS.

ITprcyrcrBoBao: 20 yen. PesynbraTs! ronocoBanus: «3a» — 20, «npotusy» — 0,

«Bo3nepxanock» — 0. IIporokon Ne 6 ot 25.02.2025.

Kannunar ¢pusnko-mMaTeMaTHYeCKHX HayK

o cnernuaabHOCTH 01.04.07 — ®usuka
KOHJICHCUPOBAHHOTO COCTOSHHUS
(pusuKo-MaTeMaTHYECKHE HAYKH), IOLIEHT,
3aBeyIOIIUN KadeIpoi TEOPETHUECKOM 1
sKcrepuMeHTanbHOU Gusuku HUY «benl Vy»

A. 1. TapHoBCKHH

308015, r. bemropon, yn. IloGemsl, 85, denepansHoe rocynapcTBeHHOE
aBTOHOMHOE o0Opa3oBaTenbHOE  yUpEKIECHUE BEICITIETO o0pa3oBaHuUs
«benropoackuli  rocymapcTBEHHBIM — HALMOHAIBHBIM  KCCIIEIOBATENBCKHIMA
yausepcuteT» (HIY «benl'¥»), Ten. +7 910 323-19-86,

e-mail: tarnovsky@bsuedu.ru
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OT3bIB MOAMMCAT: 3aBeAyoIuMil kKadenapoil TeopeTHuecKoil U dKCIIepHMeHTaTbHOH
buzuku HNY «benl ¥Y», k.¢.-M.H., nonieHT TapHoBcku ApTyp MropeBud

OT3BIB  yTBEpAWJI: TMPOPEKTOp IO CTPaTeTHYeCKOMY pa3BUTHIO, HaykKe U
uHOBauwsiMm  HIMY  «benl'V», k.c.-x.H., nomeHt Cxkpunaukoa EneHa
BaaguMupoBHa




