OT3bIB
0(pMIHMATBHOIO ONMOHEHTA HA AMCCEPTALHOHHYIO padoTy
Hp1abimbuioBa JIMuTpust 30purroeBH4a HA TEMY
«CuHTEe3, CTPYKTYPA U JIEKTPOXUMHUYECKHE CBOiiCTBA
HHOOHUIiCOePKAIINX AHOAHBIX MATEPHAJIOB IS JIUTHI-HOHHBIX
AKKYMYJIITOPOB», IPEACTABJICHHYI0O HA COUCKAHUE YUYECHOI CTeNneHH
KaHAUAATa XHMHYECKHX HAYK M0 CHeNHATBLHOCTH
1.4.15. Xumust TBEpAOIO TEJIA

Hucceprammonnas padora I[stovinsiiosa /Imumpus 3opucmoesuua mocBsIeHA
W3YYCHHIO CTPYKTYPHO-MOP(OJTOTHYECKUX ~ H  DJIEKTPOXUMHYECKHX  CBOWCTB
JOTMHPOBAHHBIX CIHOKHBIX OKCHIOB TiNb2O7, Ti2Nb10O20 Kak MEPCHIEKTHBHBIX AHOIHBIX
MaTEPHAIIOB IS INTHH-HOHHBIX aKKyMyisaTopos (JIMA).

TpaguimorHo HaKOOIee HHTEHCUBHOE PA3BUTHE MATEPHAIOBEIEHUS JJIEKTPOTHBIX
matepuaios st JIMA momydnmy pa3paOoTKH KaTOAHBIX MaTepuanos. Ho B TO ke BpeMs,
IJCKTPOXUMHUYECKHE XaPAKTEPUCTHKHA AHOMHBIX CHCTEM TaKXKE HWMEIT OOJbIIoe
3HaueHue. J[ms monmydeHms O€30MACHBIX 3JIEMEHTOB ¢ Xopomred 3((PeKTHBHOCTHIO
UKITAPOBAHHUSA PAa3paOaThIBAIOTCA HOBBIE HMHTEPKAJSIUMOHHBIE MAaTEPHAIBI HA OCHOBE
CIOKHO-OKCHAHBIX CHUCTEM. B YacTHOCTH, TakOoW MOTEHIMAT UMEIT (ha3bl HA OCHOBE
OKCH/Ja HHOOWS, TIOCKOJbKY BBICOKHE 3HAYEHUS YIACIHHbHOW EMKOCTH MOTYT OBITh
JOCTUTHYTHI 32 CYET MHOTO3JIEKTPOHHOTO OKHCITUTEIHPHO-BOCCTAHOBUTEITLHOTO TTPOIIEcca
Nb’'/Nb*". Opnako, A7I9 ONTUMM3ALUHM HMX CBOWCTB HEOOXOAMMBIM  ABISETCA
MOMH(HUIIMPOBAHUE COCTaBA TAKUX COEAUHEHWH. Bce 3TO cocTtaBiseT akmyaibHocmp
TUCCEPTAMOHHOW PA0OTHI. AKTYaJbHOCTh TEMBI UCCJICTOBAHUS TAKKE TIOITBEPIKIACTCS
BBITIOJTHEHHEM UCCIIEJOBAHUH B PAMKaX MPOEKTA TOC3aTaHHUsI.

ABTOPOM  JIOCTATOYHO APTyMEHTHPOBAHHO OOOCHOBaH BHIOOP CTPAaTETHH
MOTH(PHUIIMPOBAHUSA CIOKHOOKCHIHBIX MATPHI], TO3TOMY Helb padomsl COCTOANA B
paspadoTke MEXaHUYCCKHU CTUMYJIAPOBAHHOTO TBepAO(da3HOTO CHHTE3a
HUOOMICOAEPKAIMX AHOMHBIX MAaTE€PHAJIOB, KOMIUIEKCHOM (DH3UKO-XHUMHUYECKOM
WCCJIETIOBAHUU UX CTPYKTYPHO-MOP(OIOTHUECKHUX U SJIEKTPOXUMHUYECKHX CBOUCTB. J[jst
JOCTIDKEHHUS TEIHM PaOOThl OBUT PEMIEH KOMIUIEKC B3aWMOJOIONHIIONINX 3d0ady,

BKITFOYAIOIHNA Pa3paboTKy METOTUKH MEXaHUYECKH CTHMYJIHMPOBAHHOTO TBEPI0¢a3HOTO



cuate3da (a3 Ha ocHOBe TiINb207, TizNbioO2 u FeNb1102, wuccnenoBanme wux
KPUCTATUTMIECKOU CTPYKTYPBI, MOP(OJIOTHH H 3TEKTPOXUMHUIECKHX CBOUCTB.

KommnekcHpli Hay4dHBIM TIOAXOJ, HCMOJIB30BAHUE COBPEMEHHBIX METOAO0B
WCCIIEIOBAHUS TIO3BOJIIET CYHMTATh TIOJMyYEHHBIE PE3YIBTATHl OOCMOGEPHLIMU W
Haoéxcupimu. VIcmonmp30BaHHBIE B pabOTe METOMONIOTHS M METOMbl HCCIEIOBAHUA
00OCHOBAHBI M COOTBETCTBYIOT 33Ja4aM HUCCIIEJOBAHUA.

Hayunasn  Hosuzna  pabOTBI  ONPENENAETCS  CIEAYIOIMMMH  OCHOBHBIMH
pe3yIbTaTAMH UCCIIEA0BAHNS, BEBIHOCHMBIMH HA 3aIUTY
- pa3paboTaH METO MEXAHUYECKH CTUMYJTMPOBAHHOTO TBEPIO(AZHOTO CHHTE3a aHOIHBIX
matepuaiioB TiNb2O7, TizNb1oO29 w FeNbi110Oz0, KOTOPBI TIO3BONHI 3HAYUTEITHHO
COKpATHUTh BPEMS CHHTE3A;

- pa3paboTaH METO/I MOyUYEHUST KOMIO3UITHOHHBIX MaTepruaioB TiNb207/C, T12Nb10O20/C
u FeNb11020/C;

- YCTAHOBIIEHO MOJIOKMTENBHOE BIMSHUE IONUPOBaHMA BaHaaueM Vo' u xkenesom Fe’' Ha
SICKTPOXUMHUYECKUE XaPAKTEPUCTHKHU CIOKHBIX OKCHIOB T1Nb2O7, Ti2Nb10O29.

Ipakxmuyeckasn 3nauumocme OTIpeIETSIETCA TEM, UYTO PE3YNABTATHI PA0OOTHI MOTYT
OBITh MCIIOJIb30BAHBI, KAK KOHKPETHBIE PEKOMEHIAIINH I Pa3pabOTKA METOJOB CHHTE3a
Y Ty Tel MOAU(DHUIIMPOBAHUSA CHOKHBIX OKCHAOB HA OCHOBE OKCH/IAa HUHOOUS, IPUTOIHBIX B
Ka4yecTBE aHOJOB JUIA JIMTHH-HOHHBIX aKKyMYJIITOPOB.

Takum oOpasom, chopMmynmpoBaHHBIE B padOTE LENH M 33aJa4H HCCIIETOBAHUSI
aKTyaJTbHBI M IMEIOT KaK BAKHOE HAYYHOE, TAK M MMPAKTHYECKOE 3HAYCHHE.

Pe3synprarel auccepTalMOHHON Pa0OTHI AOCTATOYHO IMHPOKO MPEACTABICHBI HA
HAYYHBIX KOH)EPEHIMAX PA3IUMIHOTO YPOBHS, TUCCEPTAHTOM OImyOnukoBaHo 10 pador, B
TOM yHciie 1 maTeHT U 4 CTaThbH B PELICH3UPYEMBIX U3JIaHUAX, BXOAAIINX B nepeueHp BAK
u cuctemsl rutHpoBanus Web of Science u Scopus. [lostomy anpodayus pesynpratoB
IUCCEPTALMOHHON PabOTHI ABTAETCA JOCTATOUHOM.

JluccepTamys COCTOMT W3 BBEICHHUS M TPEX IJ1aB, BKIFOYAIOMIMX JIUTEPATYPHBIH
0030p, FKCMIEPUMEHTAIBHYIO YacTh ¥ OCHOBHYIO TJIABY, B KOTOPOH M3JI0KEH H 00CYKIECH
SKCIIEPUMEHTAIBHBIN MaTEPHAIL.

Bo 6gedenuu o0ocHOBaHA aKTyalmbHOCTh BBIOPAHHOW TEMBI, C(HOPMYIHPOBAHBI
LeNb W 3a7a4d padoThl, YKa3aHbl €€ Hay4YHAs HOBU3HA, TEOPETHYECKAS M MPAKTHYECKAS

SHAYUMOCTDb, NPCACTABICHbI MCTOAOJIOIUA W HCMOJIb30BAHHBIC MCTOAbI HCCICOAOBAHUA,
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chOpMyTHPOBAHBI TIOJIOKEHHS, BRIHOCUMBIC HA 3aIMUTY, anmpoOamus padoThl M JTHYHBIN
BKJIQ/I aBTOPA.

B nepesoit 2nase mpencraBneH 0030p ITUTEpaTyphBl, B KOTOPOM JOCTATOYHO
MOIPOOHO PACCMOTPEHBI BOMPOCH MAaTEPHATOBEACHHUA AaHOAHBIX cucteM s JIMA.
Crnemyer OTMETHTH, YTO JUCCEPTAHTOM CJAENIAH JOCTATOYHO TIYOOKHH KPUTHYECKUN
aHANMW3 JIATEPATYPHBIX HCTOYHHMKOB, KOTOPBIE BKIOYAKOT 351 CCBIIKY, IPH 3TOM
OTMEYAIOTCA KAaK TOJIOKUTEITbHBIE XapPAaKTEPUCTHKA MATEPHAIOB, TAK M MX HEIOCTATKH,
MPOBOJUTCS COTIOCTABIIEHUE PAa3MYHBIX KIACCOB MarepuanoB. Bce 310 mokaspiBaeT
SPYAMLIAIO0 JUCCEPTAHTA W €T0 TPEKPACHOE BIIAJCHHE TEMATHKOW HWccienoBaHus. Ha
OCHOBE TIPEJICTABICHHOTO JTUTEPATYPHOTO 0030pa JIOTHYHO BBITEKAET BHIOOP OOBEKTOB
WCCIIEIOBAHUS, TIOCTAHOBKA 3aJa4H U Ty TH €€ PEIICHHUS.

Bo émopoit 2nage puseneHo AeTaabHOE OMUCAHUE METOIUK TOTYICHHUS 00BEKTOB
WCCIIEIOBAHUS, 4 TAKIKE SKCTIEPUMEHTATbHBIE METOIbl ATTECTALMH W HMCCICIOBAHHUA HX
($u3UKO-XUMUYEeCKHX CBOUCTB. CleayeT OTMETHTh, KAaK TIOJIOKHTEIBHBIN ACTIEKT
IUCCEPTALIMOHHON PAa0OTBI — 3TO HCHOJB30BAHWE B MAOMOJHEHHE K TIOJyYEHHBIM
SKCIIEPUMEHTATBHBIM JTAHHBIM TAK)KE W PACUETHBIX METOAOB (aHAM3 IyTeH MHTPALUH,
00OCHOBAaHHE MEKY3ETbHBIX TIO3ULUH BaHAIUS, SHEPTUH 00Pa30BaHUA 1e()EKTOB).

B mpemoveit 2nase mpenctaBneHB! OCHOBHBIE PE3YJBTATHl IUCCEPTAHOHHOM
padotel. CTPYKTYypHpPOBaHHME 3TOH TJIABBl TMPEACTABICHO IO MPHHLIUIY OOBEKTOB
WCCIIEOBAHUS.

B mepBoM moapasnmene mpeacTaBlIeHBI Pe3yJbTATHI AN HEAOTMPOBAHHOM (ha3bI
TiNb2O7.  JlmccepTraHTOM  MPOAHAM3HPOBAHBI — Mporlecchl  (Pa3ooOpasoBaHUS U
YCTAHOBJICHBI ONTHMAJIBHBIE PEKHMBI CHHTE3a. M3ydeHa MOp(dOIOTHA MOBEPXHOCTH U
TPaHyJIOMETPHYECKHH COCTaB. OJNEKTPOXUMHUYECKHE CBOWCTBA OBUTM W3Y4YEHBI B
TalbBAHOCTATHYECKOM peXHMe. JMCCEpPTaHT NOAPOOHO TPOAHATH3HUPOBAT KPHUBBIC
OUKIUPOBAHMA, YCTAHOBHJ TPHPOAY PA3IMYHBIX YYaCTKOB 3aBUCHMOCTEH, OBLIH
OMpEACIIEHBl  EMKOCTH, KyJTOHOBCKast  3(()eKTHBHOCTB, BCE  PpeE3yabTaThl
MPOAHAIM3UPOBAHEI B COTOCTABICHHHM B JHUTEPATYPHBIMH AaHHBIMH. OmpeaeeHbI
kod(puimeHTel U Py3uH TUTHS METOAOM TalbBAHOCTATHYECKOTO TPEPHIBUCTOTO
TUTPOBaHWA. B panpHeimieM 3TH AaHHBIE OBUIM HWCIIONB30BAHBI ISl CPABHEHHUS C

JIOTTMPOBAHHBIMU (hazaMu.



Bo BTOpoM monpasgene mpeAcTaBIEHBI PE3YJIbTATHI HCCIETOBAHUSA (DHU3HUKO-
XHMHUYECKHX CBOMCTB V> -nommposannsix (a3 Ha ocHoBe TiNb>O7 Kak 1o mogpenreTke
THUTaHA, TaK W HUOOWA. JlMCCEPTaHTOM CHENAH BBIBOJ O BO3MOYKHOM PAacIIONOKEHHUU
BAHAJAWA B MEKIOY3ETbHBIX TO3WIMAX TPH MAabIX KOHIEHTpPAIMsaX pomaHTta. s
Pa3NUYHBIX KOHIEHTPAIMH JOMAHTAa TPEIJIONKEHBI AaJEKBATHBIE KBA3UXHMHUYECCKHE
ypaBHeHU: edeKT000pa3oBaHus. {11 MOATBEPKACHUSA STUX BBIBOIOB aBTOP IPUBJICKAET
JOOTIOTHUTENFHO Jpyrue MeTonapl, Hampumep, OIIP, pacdersr sHepruii oOpa3oBaHHA
ne(eKTOB, aHATU3UPYET 3aCENEHHOCTh TMO3WLUH, TIIOTHOCTH 3JEKTPOHHBIX COCTOSHHM.
XO0TA 10 IOy YEHHBIM PE3yIbTaTaM HE BCETAa MOKHO CAENIATh OTHO3HAYHBIE BBIBOJIBI, UTO
OOyCTIOBIEHO W  CJIOKHOCTBIO HMCCIIEAyeMBIX CHCTEM, M OYECHb HEOOIBIIUMHU
KOHICHTPALMAMH JOTIAHTA, HO, B IIEJIOM, KOMIUIEKC IMOJYYEHHBIX TAHHBIX TO3BOJIACT
c/IenaTh yOeUTENbHBIN BBIBO/ B TIOJIb3y KOHKPETHOTO MEXaHH3MAa 00PAa30BaHUS TBEPAOTO
pactBopa. Ha ocHOBE TPOBEIEHHOTO KOMIUIEKCA HCCIEAOBAHHUH SIEKTPOXHMHUYECKUX
CBOWCTB M CPaBHEHHA C HEJONMHMPOBAHHOW (pa3oi OBIIO JOKA3aHO, YTO BHIOpPAHHAS
CTpaTerus AOMUPOBAHUSA TO3BOJSAET YAYYIIUTh BAKHBIE XAPAKTCPUCTHKH MAaTepHala:
ko3 ument nudPy3un MUTHA, CTAOUITBHOCTh IMKITUPOBAHUSA, YACTHHYIO €MKOCTb.

B Tperpem moapasmene mpeAcTaBIEHBI PE3yNBTATHI HWCCIEAOBAHHUA (PUIHUKO-
XHMHYECKUX CBOMCTB Fe’'-mommposammbix a3z ma ocuoe TioNbioOz, a Taxke
KOMIIO3ULIMOHHBIX MaTepuanoB ¢ yraepoaom [1277 JuccepraHToM TIPOBEICH
AHATTIOTUYHBIM KOMIUIEKC HMCCICTOBAHHUM, MPOAHATM3UPOBAHBI MyTH MUTPALUN JTUTHA H
YCTaHOBJIEHBI ONITUMAITBHBIE COCTABBI, I KOTOPBIX YIAETCA YTy UIIUTh ()Y HKITHOHATbHBIE
XapaKTEPUCTUKH MAaTEPHATIOB.

B koHIlE Kaxm0T0 TIOapa3Aena IUCCEPTAHTOM ACTAETCA 3aKIIOYCHHE, B KOTOPOM
MPOBOIUTCS 0000IEHNE TOMYUYECHHBIX PE3YIbTATOB, PACCMATPUBAIOTCS TEPCTICKTHBBI H
BO3MOJKHBIE CTPATETHH JATBHEUIITNX UCCIIEJOBAHHM.

B memom, MOXHO CKa3aTh, YTO AMCCEPTAHTOM OBLIAa JOKAa3aHA BO3MOJKHOCTH
UCTIONB30BaHMUA (a3 HA OCHOBE OKCHAA HHOOWA, kKak aHomoB A JIMA, u mpennoxkena
CTpaTerus ONTUMHU3AINH UX (PYHKIIHOHAIbHBIX CBOWCTB.

Marepuan nuccepranM MPEKPAcHO O(OPMIIEH, JIOTHYHO W3II0JKEH, HANHCAH
SCHBIM JIUTEPATYPHBIM S3bIKOM. [IpH W3nokeHWH padOTHI MPUCYTCTBYET BHYTPEHHEE
€IMHCTBO B OOCY)KJIEHWHW TONyYEHHBIX PE3YyJbTaTOB M BHBOAAaX. [lo COBOKymHOCTH

HpI/IBeI[éHHBIX PE3YyIbTAaTOB HUCCIACAOBAaHHMA W  BbBIBOAOB MOKHO CUHUTATh, UYTO
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MOCTABIICHHbIE 337a4u B padoTe pemeHbl. CoaepikaHue aBTopedepara B MOIHOW Mepe
COOTBETCTBYET COJAEPKAHUIO TUCCEPTALMOHHON padboTsl. ConepxaHue OmyOIMKOBAHHBIX
padoOT COOTBETCTBYET COAEPKAHUIO TUCCEPTALIUU.

[lomyuenHsle B paboTe pe3ymbTaTBl MOTYT OBITh PEKOMEHIOBAHBI K
HCcnoNib30BaHuI0 B HMHCTUTyTE BBICOKOTEMIEpPATYypHOU »snekTpoxumuun YpO PAH,
NucTutyte Xxumuu 1BEpaoro tena YpO PAH, UHctuTyTe XMMuu TBEpAOTO Tena W
mexanoxumuu CO PAH, UnctutyTe Qusuyueckodl XuMuUH U 3IeKTPOXUMHUN uMeHH A.H.
Opymkura PAH, Unctutyre Qusuku tBEpHOTO Tema PAH m npyrux opranmsarmsx,

pa3padaTHIBAIONINX 3JIEKTPOXUMHUYECKUE YCTPOHCTBA.
B kauecTBe 3amMedyaHuUii U BOPOCOB TI0 Pa00TE MOKHO OTMETHTH CIIEIYIOIIEE:

1. Kontpormuposamoch i B padoTe COAEpPIKAHHE MPUMECEH, O0OYCIOBIIEHHBIX
HaMOJIOM MaTepHaia METFOIIUX TeT?

2. B paboTe mnpoAEeMOHCTPUPOBAH OOMIMH SKCIEPUMEHTAIBHBIN (PakT, dUYTO
ko3 urmment nudPy3uu MUTHS B 3aBUCHMOCTH OT HAIPSKCHHS TPOSBIISET
MHUHHUMYM B 00JTaCTH TUTATO 3aBUCUMOCTEN HATIPSHKEHUS OT YACTBHOW EMKOCTH.
B uem npuuwnna 3710oro >ddexra?

3. Kak ykazamo B  pabore, I  BCeX  HCCIEAOBaHHBIX (a3
WHTEPKATAIWA/ IEHHTEPKATAIMA ~ JIMTAS ~ TPOTEKAET MO0  ABYX(a3HOMY
MexaHu3My. EcTh i y AuccepTaHTa mpeanoaoKeHHe 0 BO3MOKHOM MEXaHHU3ME
3TOTrO Tpoiiecca?

4. Kak crmemyeT W3 TONYyYEeHHBIX NaHHBIX, Ko3(h¢uuumeHT AudQy3uu TUTHA
YBEIIMYMBACTCS C YBEIHYCHHEM O0OBEeMa »JJIeMEHTapHOW suehiku. Ho kak
NOKa3aHo Ha puc.3.27 ana oOpasumos, AOMUPOBaHHBIX Fe’', kodddumment
muy3un TUTHS W3MEHAETCS HEMOHOTOHHO OT KOHIICHTPAIMHU KENe3a, XOTA
O0BEM »3JIEMEHTAPHOW SYCHKH YyBENMUYUBAETCI. UeM OOBICHAETCS TaKas
3aBHCHMOCTD KO3 durmenta quddy3nn murus?

5. B koHme  kaxkaoro  paziena  AUCCEPTAHT  AelaeT  0000mIeHHe
SKCTIEPUMEHTANBHBIX JAHHBIX M 3aKIIOYCHHE, YTO TIOKA3BIBAET BBICOKHH
YPOBEHb BIIAJICHUS TUCCEPTAHTOM AHATMTHYCCKUMH TOAXOJAMHU H OOJIETYacT
Bocmpusitie Marepuana. OmaHako, B KOHIlE OOCy:kjaeHUs [ J1aBbl 3 Bce-Takd
CIIE0BANO OBl CAENAaTh 000OIEHHE OCHOBHBIX PE3YJIbTATOB B CPABHEHUH IS

MNOJTYYCHHBIX MaTCPHUAIOB.



BrimeoGo3HaueHHble 3aMEYaHHs HOCAT YTOYHSIOLIMH XapakTep, HE yMAISIOT
Hay4YHOH LEHHOCTH paboThl M HE BIHMSAIOT Ha OOLIYIO MOJOKHUTEIBHYIO OLICHKY.

Jluccepramonnas paGora HpiabimbuioBa [Imarpus 3opurroeBuya sBisercs
3aKOHYEHHBIM Hay4HbIM HcciaeoBaHueM. [lo aKkTyalbHOCTH PacCMOTPEHHOM TeMBI,
Hay4yHOH HOBM3HE, NMPAKTHYECKOW 3HAUYMMOCTH [OJIYYEHHBIX Pe3yJbTaTOB M 00BEMY
IKCIIEPUMEHTAIBHBIX ~ MCCIEJIOBaHMI  Ipe]CTaBlIeHHAs JUCcepTalMoHHas pabora
coomeemcmeyem cnetaibHOCTH 1.4.15. XuMus TBepaoro tena (XUMHYECKHE HAyKR), a
TaKKe omeeuaem BceM TpeGopanuaM mi.9-14 «[lonokeHus o mopsake NPUCYKIACHHS
YUYEHBIX cTeneHei», yreepxaeHHoro [Tocranosnennem [Ipasurenscrsa PO ot 24.09.2013
Ne842 ¢ usmenenusimu ot 20 mapra 2021 r. Ne 426, a e€ arop — Lpiabinbuios AmuaTpunii
3opHrToeBHY 3aCiTyKUBACT NPUCYKACHHSA YUEHON CTENIeHH KaHIUAaTa XMMHYECKHX HayK

no cneunanbHocTH 1.4.15. Xumus TBeporo Tesia (XMMHYECKHE HAyKH).
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