OT3bIB opuumMaabHOr0 ONMOHEHTA
HA JUCCEPTALMIO HA COMCKAHME YYCHOM CTeleH!
KAaHIMJATa XUMHU4YeCKUX HAayK MypaBbeBa AJiekcanapa /ImurpueBuya
Ha Temy: « KoMIO3UThI HU3KOIUIOTHBIX YIJIEPOAHBIX MAaTEPHAJIOB €
MeTaJUICOAepPKALIUMHU (pa3aMu: HOBbIE METOAbI CHHTE3a, (PU3UKO-
XHMHYECKHE CBOMCTBA, IPUMEHEHHE»
no cneuranabHocTu 1.4.15. Xumus TBepaoro reja

JHuccepranmonnas padbota MypasseBa A./[. mocBsIeHa CHHTE3y KOMITO3UTOB
tepMmopacimupennoro  rpadpura (TPI) ¢ mertamwicomepxkammumu — ¢azamu,
VCCJIEIOBAHUIO M YCTAHOBJICHUIO B3aMMOCBSI3HM MEXKIY YCIOBHUAMH IOTYYEHUS
KOMITIO3HTA, €r0 COCTABOM, CTPYKTYpOU U (PU3UKO-XUMHYECKUMU CBONCTBAMHU.

[IpakTueckoe NpPUMEHEHHE MarepuasoB Ha ocHoBe TPI' Bkmrowaer B
OCHOBHOM HCITOJIb30BaHUE UX B KAYECTBE YIUIOTHUTENbHBIX HW3JEIHI, a TaKKe
ra3opas/ielIuTeNIbHBIX ~MeMOpaH, OapbepHbiXx cnoeB. Monudukamus TP
pa3IMYHBIMM ~ METaUICOAepKauMu  pa3aMu  SBISIETCS  MEPCIEKTUBHBIM
HaIlpaBJIEHUEM, MOCKOJbKY TaKOW CHHEPreTHYECKH 3(P(QEKT MO3BOJIUT CO3aBaTh
HOBBIE MAaTEpHUANIbl C YJIYYNICHHBIMH XapaKTEPUCTUKAMHU Uil Pa3IUYHBIX
IPUMEHEHUH, OT a’POKOCMHMUYECKOW TMPOMBIIUIEHHOCTH JO  JJIEKTPOHUKH.
[lonyyeHue KOMIIO3UTOB HA OCHOBE TEpMOpPACIIMPEHHOro Trpadura ¢
metayumueckor ¢azoi (TPI'/metann) nepcnekTUuBHO ISl IPUMEHEHUS B KaueCTBE
MarHUTHBIX COPOEHTOB HEe()THU M HEPTENPOAYKTOB C TOBEPXHOCTH BOIBI, IS
CO3JaHUsl 3alIUTHBIX DKPAHOB OT B3JEKTPOMArHUTHOIO M3JIY4YEHMs, Kak
KaTaJIM3aTOPOB HEKOTOPBIX MPOMBIIUIEHHO 3HAYMMbBIX XUMUYECKUX PEAKIUN, a
TAKXKE JJI CO3/1aHHUS BBICOKOUYBCTBUTEIBHBIX 3JIEKTPOXHUMHUYECKUX CEHCOPOB.
Takum o6pa3om, Tema auccepTallioHHOW paboTel MypaBweBa A.Jl. siBhsieTcs
AKTyaJIbHOU.

B cBoem auccepTallMOHHOM HCCIEAOBAHMM aBTOp MpeJiaraeT JBa HOBBIX
METOJIa TMOJy4YeHus: Metamuicoaepxkamero TPI', KoTopble MO3BOJISIIOT MPOBOJINTH
IpollecC CHUHTE3a B HENPEPHIBHOM pexuMe U 0e3 HCHOJIb30BAHUS CTaIuu

OCTOOPaOOTKH, a HMECHHO



1. TepmooOpaboTKa cmecu okuciaeHHoro rpadura, autpara metaya (Fe, Co,
Ni) u TBepAOr0 BOCCTAHOBUTEIIS (MeJIaMUHa) B MHEPTHOM aTMocdepe;

2. TepmopacmupeHre B HMHEPTHOHM aTMoc(pepe HHTEPKAIUPOBAHHBIX
coenunenuii rpaputa (MCI') ¢ xmopumamu meramioB (Fe, Co, Ni, Au, Pt),
HACBIIEHHBIX KUJIKUMHA aMMUAKOM, METUIIAMUHOM WUJTA STUIIAMUHOM.

DKCnepuMeHTAIbHAsT YacTh pabOThl CBUACTEIBCTBYET O TMPUMCHCHHH
aBTOPOM METOJIMK, COBPEMEHHBIX (PU3UKO-XUMUYECKUX METOJIOB MCCIEAOBAHUN U
W3MEPECHUM, TMO3BOJSIONIMX IOJy4aTh JIOCTOBEPHBIE M  BOCIPOU3BOJIUMBIE
pEe3yJbTaThI.

Ha ocHOBaHMH 3KCHIEPUMEHTAJIBHBIX JAHHBIX U MPOBEAECHHBIX JETaIbHBIX
MCCJICIOBAHUM MTOJTYYEH PsIJI HOBBIX M MHTEPECHBIX PE3YJILTATOB, MOATBEPKIAIOIINX
000CHOBaHHOCTb MOJIO’KEHU, BHIHOCUMBIX COMCKATEIeM Ha 3aIIUTYy.

ABTOpOM BIIEpBbIE pa3pabOTaHbl HOBBIE METOABI (0€3 MOoCcTOOpPabOTKM),
MO3BOJIAIONIME TMOJTYYUTh KOMIIO3UTHl HU3KOIUIOTHBIX YTJIEPOAHBIX MaTepUaJIOB:
TPI' ¢ HU3KOW HACBIMHOW TUIOTHOCTBHIO (OT 3-5 TI/1) C HAaHECEHHBIMH Ha €ro
MOBEPXHOCTh BOCCTAHOBJIEHHBIMU MeTalUlaMu (WM MX OKCHJIaMH, KapOujaamu,
CIUIaBaMH), TJI€ pa3Mep 4YacTUIl HaxXOAWTCS B JHANa30HE OT HECKOJIbKHX
HAaHOMETPOB JI0 HECKOJBKMX MHUKpOMeTpoB. llomywennsi TPI' ¢ merammamm
00J1a1aeT BBICOKOM HAMarHMYeHHOCTBHIO HAchIIieHUS 10 80 sme/r. YcTaHOBIEHEI
yciaoBus monyueHuss TPIT v BBISBICHBI OCOOCHHOCTH CHHTE3a, BIMSIOIIMEC HA
CTPYKTYpY, COCTaB METAJJICO/IepKallen (a3bl, pa3Mep YaCTULl METAIUIOB U CIJIABOB
Ha nosepxHoctu TPT.

[IponeMOHCTpUpPOBaHA MPUHUHUIIMAIBHAS BO3MOXKHOCTH IonydeHus TPI ¢
YacTUI[aMU HAHECEHHOW MeTaJlTM4ecKoil ¢a3bl Mo cXeMe, B KOTOpPOWl craaus
TEPMOPACUIMPEHUSI COBMENIEHA CO CTAMEN BOCCTAHOBJICHUS] METAILICOAEPKAIIICH
¢da3pl. PazpaboTaHHble METOIBI SIBISIOTCS MACIITAOUPYEMBIMH W MOTYT OBITh
peaM30BaHbl Ha CTAaHIAPTHOM 000PY0BAaHUHU B HEMIPEPHIBHOM PEKUME MOTYUCHUS
Metauiconepxkamero TPI' ¢ mcnonb3oBanuem a3oTa B KayeCTBE ra3a-HOCUTEIS,
MOJAIONIET0 COCTaB Il TEPMOPACIIMPEHUST B TOPU3OHTAIBHBIM TpyOUaThIii

peakTop, HArpeThiii 0 HeoO0XoauMmoil TemmepaTypbl. O0a MeToma SBISIFOTCS
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JOCTaTOYHO YHHUBEPCAIBHBIMU U I MOJYYECHHUS KOMIIO3UTOB Ha ocHOBe TPI' ¢
JPYTUMH METAJIAMH, YTO 3HAUYUTEIIBHO PACIIUPSAET BO3MOKHOCTH X TPUMEHEHUSI.
VYcTaHOBIEHHAsT B3aUMOCBSI3b «CHHTE3 -COCTaB M CTPYKTypa - CBOMCTBa» MEXKIY
YCIOBUSIMHM MOJIYYEHUSI, COCTABOM MU CTPYKTYpOil KOMIIO3UTOB Ha ocHoBe TPI' ¢
MeTalicoaepkamiei ¢a3oi, odecrneynBaeT BO3MOKHOCTh HAIIPaBICHHOTO CHHTE3a
MaTepHaoB ¢ TPEOyEMbIMHU XapaKTEPUCTUKAMH B HEIIPEPHIBHOM PEKUME.

Hayunble pe3ynbrarsl, NPEACTaBICHHBIE B paMKaxX JUCCEPTALMOHHOU
paboThl, B COBOKYIHOCTHU SIBJISIFOTCS 3HAYMMBIMU M aKTYaJbHBIMH ISl 3asIBJIEHHOM
TeMbI uccieaoBanus. [loydeHHble TaHHbIE MOTYT CTaTh OCHOBOM Uil pa3paboTKu
7 ()EKTUBHBIX, JIETKUX U IIEHHBIX (PYHKIIMOHAIBHBIX MAaTEPUAJIOB.

Tekcr nuccepTalui COCTOUT W3 BBEIEHUS, I'/Ie CPOPMYIHPOBAHbI LENb U
0003Ha4YEHbI HEOOXOJUMBIE JJISl €€ JOCTHXKEHHUS 3aJjaud MCCIE0BaHUs, YEThIPEX
IJIaB U CIUCKA HIUTUPYEMBIX JTUTEPATYPHBIX HICTOUHUKOB. OCHOBHBIE PE3YJIBTATHI U
BBIBO/IbI, MIPE/ICTABICHHBIE B pa0OTE, COOTHOCATCS CO BCEMH IOCTABICHHBIMU U
pELIECHHBIMH 33Jja4aMu

ABtopedepaT u onyOJMKOBaHHBbIE PAOOThI B MOJHOW MEpE OTPaKaroT
COJEp)KaHUE JAHUCCEpPTallMM, pe3yJbTaThl OOOCHOBAaHBI M JKCIEPUMEHTAIbHO
MOJITBEPKICHBI.

OpHako, HMMEIOTCS HEKOTOpbIE BOIPOCHl M HEJOCTATKH, Ha KOTOpPBIE
HE00X0MMO 00paTUTh BHUMaHUE.

TPI" xapakrtepusyercs KpailHE BBICOKOH MaKpOMOPUCTOCThIO (10 99 %) wu
CPaBHUTEJIBHO Pa3BUTOM YIebHOU moBepxHOCTHIO (10 250 M2/r). B pabore He
MPEACTABIICHbl JAHHBIE XApPAKTEPUCTHUKU [JIsl MOJYYEHHBIX METaJUICOAEp KalluX
KOMIIO3UTOB. WHTEepecHO 3HaTh, KaKk Ha JaHHbIE XapaKTEPUCTUKHU TOBIUSET
HAaHECEHHWE METAUIOB pa3paboTaHHBIMH MeTodamu. B pabore criemoBamo Obl
MPOBECTH MCCJIEIOBAHUS 1O W3YUYEHUIO TMOPUCTOM CTPYKTYphl MMOIYYEHHBIX
koMmno3utoB TPI/Me ¢ wucnonb30BaHHEM METOJOB  HU3KOTEMIIEPATypPHOU
ancopOIUu a30Ta U 3TAJOHHON MOPOMETPHUH.

B pabote aBTOp, Ha OocHOBaHMU JaHHbIX P®A, onpenenser ¢a3oBblid cocTaB

MCTAJJICOACPIKAIICTO KOMIIO3HUTAa u npcacTaBJsICT JOBOJIBHO MHOI'O
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mudpakTorpamMm, Hampumep, Ha c.74 (puc.26), c.78 (puc.30), c.81 (puc.32), c.87
(puc. 39) u ap. B paznene «MeToasl uccienoBanus» Ha ¢.66 ciaeaoBalio yKa3aTh ¢
kakoi HtanoHHou kaprotekoi (JPCDS-ICDD, COD wu pap.) cpaBHUBaIU
HKCIIEPUMEHTAJIbHBIE PEHTI€HOTPAMMBI.

[logpucynounas mnoamuck Ha c¢.56 «PucyHok 22 — COM-uzolOpaxeHue
MOBEpPXHOCTH Tpadwura ¢ HaHeceHHbIMH dYacTuiamu Fe, Pt, Fe-Pt [181]», He
COOTBETCTBYET MOJPUCYHOUHOM MOJNUCH JAHHOTO HU300paKEHUS B OpUTHHAIIEC
CTaThU, KOTOpass MaKCUMaIbHO MH(OpPMATUBHA U JTakoHWYHA «MukpodoTtorpadus
MOBEPXHOCTU 00Opasia BoccTaHoBieHHOro TpoiHoro MCI Ha ocHOBe rpadura
bpakuuu 40 MKM, TOJyYE€HHass C TOMOINIBIO CKaHUPYIOUIEH SJIECKTPOHHOU
MUKpPOCKOIIUW» (M3 OPUTHHAJIA CTaTbU HA PYCCKOM SI3BIKE).

Ha c. 142-143 (Pucynokx 86, Ttabnuma 24) npencTaBi€Hbl MarHUTHBIE W
COpOLIMOHHBIE CBOMCTBa MOJMy4YeHHBIX KoMmmo3uToB TPI'/Me. Ilo coctostHuio Ha
2022r B Poccum paGotaer 27 npeAnpuaATH MO NPOU3BOJACTBY YIIEPOIHBIX WU
HEYTJIEPOJIHBIX HEPTECOPOESHTOB. ABTOP HE MPOBOJUT CPABHEHUE C aHATOTMYHBIMU
COBpPEMEHHbIMH  copOeHTamMu. B 4éM  mOpeuMymecTBO  MOJYYEHHOIO
METAJJICOJEPKAIer0o KOMIIO3UTa W YTO JellaTh ¢ OTpaboTaHHBIM COpPOEHTOM?
MoXXHO 1M OXHUAaTh, YTO pa3pabOTaHHBIE METOJAbl HAWAYT CBOE pA3BUTHE B
WHIYCTpUn?

EcTb psig HeOpexHOCTEH, JOMYIIEHHBIX aBTOPOM IPH O(POPMIIEHUN TUCCEPTALIUU:
CJIOBOCOYETAHUSI «HOBBIE METOJIbDY, KHOBBIE CIIOCOOBI», «HOBBIE MOIXO/bD), «HOBAS
CXE€May, «MHHOBAIIMOHHBIE METOJUKI» - aBTOP MCIOJIb3YyeT KaK CHMHOHHMMBI (JJIs
4ETKOTO BOCHPUSTHS JI000H WHGOpMAIMK Ba)XXHO COOJIIOAATh e€auHOOOpa3ue B
TEPMUHOJIOTHH); B TEKCT€ pabOThl UMEIOTCs ornedatku Ha c.10, ¢.26, ¢.49, ¢.72;
HEAKKypaTHOCTh OGOPMIICHUS CIHCKA JUTEPATyphl - HEMOJHBIC JIaHHBIE TI0
cceuikaM 16, 17, 59, 164,189; a6OpeBuatypa EDX He BKIIOYEHAa B CIHCOK

OCHOBHBIX COKpPAIlICHUM.

3amMeuaHusl UMCIOT B OCHOBHOM DGKOMGHI[aTeHBHbIﬁ XapaKTEep U HC BJIHUAIOT

Ha 3HAYMMOCTDH JUCCCPTAITMOHHOT'O MCCIICAOBAHUA.




Huccepranmsi MypaBseB A.Jl. oTrBewaer TpeOOBaHUSIM, yCTAaHOBJICHHBIM
MOCKOBCKMM TOCYJAapCTBEHHBIM yHUBepcuTeToM uMeHu M.B. JlomoHOcoBa K
paboram momoOHoro poma. CoaepkaHWe  OHUCCEPTAllMd  COOTBETCTBYET
cnenuanpHocTy 1.4.15. Xumus tBepaoro tena (1o XMMHUYECKUM HAyKaM), a TaKkxKe
KpUTEpHUsIM, ompeneneHHbiM nm. 2.1-2.5 [lonmokeHuss O NPUCYKIEHUM YUYEHBIX
crerieHe B MOCKOBCKOM T'OCYJapCTBEHHOM yHuBepcutere wumeHn M.B.
JlomoHOCcOBa.  JluccepTallMOHHOE — HCCIENOBAHUE  O(POPMIIEHO  COIVIACHO
TpeGoBanusaM [lon0XKeHHs 0 COBETE MO 3aIIUTE AUCCEPTALNNA HA COUCKAHUE YUCHOMN
CTEIIEHM KaHIWJaTa HayK, HAa COMCKAHME YYEHOM CTENEHM JOKTOpa HaykK
MOCKOBCKOI0 rocyJapCTBEHHOT0 YHHBEpcuTeTa nMeHn M.B. JlomoHOCOBA.

Takum oOpazom, couckarenb MypaBbeB A.Jl. 3acioyKUBaeT NPUCYKICHUS
YUYECHON CTENEHU KaHAuAaTa XMMUYECKHUX HayK Mo cnenuainbHocTd 1.4.15. Xumus

TBEPAOIO Tela.

OdurmanbHbIN ONTIOHEHT:

KaHIUJAT TEXHUYECKUX HaYK,

BEIyLIMI HAYYHBIN COTPYIHUK

nabopaTopuu "YTIIepoIHBIX HAHOMATEePHAIIOB"

Kyp4aTroBckoro komIuiekca TEXHOJOTUYECKUX UCCIEAOBAaHUI CBEPXTBEPABIX U
HOBBIX YTJIEPOJHBIX MaTepuanoB HanmoHaIbHOIO Hecaea0BaTeNIbcKoro NEHTPA
“Kyp4yaTOBCKUI UHCTUTYT

KAPAEBA Awnna PazumoBHa

(08.12.25)

KonTakTHBIE NaHHEBIE:

TE.: , e-mail:

CrienuanbHOCTB, 10 KOTOPOU O(HUIIHATIbHBIM ONIIOHEHTOM

3allMIIEHa AUCCePTaLs:

02.00.13 Hedrexumus (TexHudyeckrue HayKu)

Anpec Mecta pabOThI:

108840, r. Mockaa, r.o. Tpouilxk, yi. [llenTpansHas, a. 7a

"HUILL KypuaTtoBckuii uHCTUTYT" - "KypuaToBckuii kommiekc TUCHYM"

Ten.: +7(499) 272-2313, 106. 373; e-mail: karaevaar@tisnum.ru

[ToATHCH COTPYIHUKA . ...,
YIOCTOBEPSIO:
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