O13bIB
opHUIMAIBHOIO OINIOHEHTa Ha JUccepTallMoHHYI0 paboty Paxmarymnoesoit
['ynHOo361 MyXpueBHbI Ha Temy: «BiusiHue 1IeJIOYHBbIX MeTa/IOB HAa (HU3HKO-
MeXaHHYecKHe H XHMHYeCKHe CBOHCTBAa aJIOMHHHEBOro NpPOBOJAHHKOBOIO
cruiaBa AlTi0.1», npencraBieHHYI0 Ha COMCKaHUE YYE€HOW CTeleHW KaHauaaTa
TeXHUYECKUX HayK Mo crenuaibHoctd 2.6.17 - MatepuanoBenenue (TeXHUUecKue
HayKH).

Ouenka aKTyaJIbHOCTH TeMbl /[HCCEPTALMOHHOIO HCC/IeI0BAHUS.
ATIOMUHUN HIMPOKO UCIOJB3YETCsl B MPOU3BOACTBE PA3IMYHBIX JIEKTPOHHBIX M
JJIEKTPOTEXHUYECKUX  KOMIIOHEHTOB. Hampumep, amomuHueBas  (osbra
NPUMEHSIETCST B JJICKTPOJIMTUYECKUX  KOHJEHCATOpaxX, KOTOpbIe  IIUPOKO
UCTIOJNIB3YIOTCSI B PAUO3JIEKTPOHUKE, UCTOUHUKAX MMUTAHUS, CUCTeMaX yIPaBJICHHUS
U JPYrUX O3JIEKTPOHHBIX YCTpoOWcTBax. biaromapss BBICOKONW TEXHOJIOTHYHOCTH
QIOMUHUS MOXKHO TIOJIy4aTh OY€Hb TOHKYIO (OJIBIY, UYTO IO3BOJISET CO3/1aBaTh
KOH/IEHCATOPBI C BBICOKOH EMKOCTBIO.

Kpome TOro, aqtOoMUHUNA M €ro CIUIaBbl UCHOJB3YKOTCS JJISI U3rOTOBJICHUS
KOPIYCOB 3JEKTPOTEXHUYECKOro OOOpYyJOBaHHUS, paadaToOpoB H JJIEMEHTOB
oxJlaxKaeHus..  BpICokass ~ TEIUIONpPOBOAHOCTh  AJIIOMHHHUSI  CIIOCOOCTBYET
3¢ }HeKTUBHOMY OTBOJY Tersia OT JJIEKTPOHHBIX KOMIIOHEHTOB W CHJIOBBIX
YCTPOUCTB. DTO TMOBBIIMIAET HAAEKHOCTH M CPOK CIIy)KOBl 3JIEKTPUYECKHX U
3JIEKTPOHHBIX CUCTEM.

B mnocnemnue rompl Oosibllioe BHUMaAHUE YJeNseTcsl pa3paboTke HOBBIX
QIIOMUHUEBBIX CIUIABOB ISl 3JIEKTPOTEXHUYECKOM MPOMBILUIEHHOCTH. Takue
CIIaBbl  OONAJAlOT  YIy4IIeHHBIMHM ONEeKTPUUECKMMH, MeXaHWYeCKUMH |
KOPPO3UOHHBIMU  cBoWicTBamMu. OHM  NpPUMEHSIOTCS ~MPU  NIPOU3BOJCTBE
COBPEMEHHBIX IPOBOJHUKOBBIX MaTEpPUAJOB, KOTOpPbIE MCIIOJIB3YIOTCS B
JHEpreTHKe, TPaHCIIOPTE, MPOMBIIUIEHHOCTH U APYTUX 00IacTsX.

TakuM 006pa3oM, aTFOMUHHUIN U €70 CIUIaBbl UTPAIOT BAXKHYIO POJIb B Pa3BUTUHU
IJIEKTPOTEXHUKH U JJIEKTPOIHEPTreTHUKU. biaroaps CBOMM yHUKaAJIBHBIM CBOMCTBAM
OHM IIUPOKO TPUMEHSIOTCS TIPU TPOU3BOJACTBE IIPOBOJOB, Kalesed, IIuH,
JJIEKTPUYECKUX  MAIWH, TpaHCHOPMATOPOB U  PaA3IUYHBIX  3JIEKTPOHHBIX
KOMIIOHEHTOB. Pa3BuTHe TeXHOJoruid oOpabOTKM aTtOMHUHMS M CO3/1aHHe HOBBIX
CIUIAaBOB OTKPBIBAIOT I[IMPOKHE TMEPCreKTUBBl ISl JNalbHEHIIero pacilupeHus
0071aCTH €ro IPUMEHEHHS B JIEKTPOTEXHMYECKOM IPOMBIIILIEHHOCTH.

Obvem u cmpykmypa ucciedooeanun. Jluccepranus COCTOUT U3 BBEIEHUS,
MSATh TJIaB U TPWIOKEHUs, INpeAcTaBieHa Ha 152 cTpaHMIaX KOMITBIOTEPHOTO
Habopa, cogepxut 61 pucyHok, 46 tadbnuu, 153 UCTOYHUKA TUTEPATYPHI.

B nepBoii riiaBe npecraBjieH aHATUTUYIECKUHA 0630p JIUTEpaATyphl 110 TEME
uccienoBanus. OnucaHbl HCMOJIB30BaHWE QIIOMHUHUS M €ro CIUIaBOB B
JNIEKTPOTEXHUKE; TEIUIOEMKOCTh QIOMUHHUS, THUTaHa M LIEJIOYHBIX METaJlJIOB,;
O0COOEHHOCTH OKUCIICHUS aTIOMUHUS U €ro CIUIABOB C IIENIOYHBIMA  MeTaJUIaMH,
KOPPO3UOHHO-3JIEKTPOXUMHUYECKOe MOBEeJeHUe CIIaBOB aJIOMUHUS C TUTAHOM H
IeJIOYHBIMUA MeTautamMu. OJIHako B JIHMTepaType OTCYTCTByeT HHGpOpMaIus o



TEPMOJIMHAMHYECKUX, KHHETHUYECKUX U aHOAHBIX XapaKTEPUCTUKAX aJIFOMUHUEBOTO
npoBogHukoBoro cruiaBa AlTi0.1 ¢ nutueM, HaTpHeM U KaaueM.

Bo BTOpO#i rinaBe mpencraBieHbl MaTepUATbl U METOAMKHU HCCIIEIOBAHUS
GU3NKO-MEXaHUYECKUX U XUMUYeCKUX cBOcTB crutaBa AlTi0.1 ¢ nutueMm, HaTpuem
U KaiveM. B dYacTHOocTH, omMcaH MeToJ MeTauiorpa@uu JUisi I[pOBeIeHHUs
MHUKPOCTPYKTYPHOTO aHaju3a CIUIaBOB; MeToa bpuHemns ans onpeneneHus
TBEPIOCTH METAIJIOB; METOM «OXJIAXKIACHHS» Il UCCIEOBAHMS TETIOEMKOCTH
CILUTaBOB C HCITOJIb30BAHMEM aBTOMATHYECKOM perucTpaluy TeMIeparypsl obpasiua
OT BpeMEHHM OXJIaXICHUs; METOJ TEePMOTPaBUMETPUHU UISI U3YyUEHUs] KUHETUKU
Ipoliecca OKUCIIEHHUS CIUIAaBOB; PEHTTeHO(ha30BbI aHAIU3 MPOAYKTOB OKHCIIEHHUS
CIUTaBOB U TIOTEHIIMOCTATHYECKUI METO/ /TSl U3y4YEeHHUs] aHOIHBIX CBOMCTB CILIIABOB.

Tperbsi rj1aBa AuHccepTAlMU TPEJCTaBIsAET pe3yJbTaThl HMCCIEI0BaHUS
MEXaHHUYECKUX CBOMCTB, TEMIIEPATYPHYIO 3aBUCUMOCTh, U3MEHEHHUSI TeIJIOEMKOCTH
¥ TePMOIMHAMUYECKUX (PYHKIMN alfOMUHUEBOTO TpoBogHUKOBOrO crutaBa AlTi0.1
C JINTUEM, HATPUEM U KaJIUEM.

YerBepTasi rJjiaBa JAHCCEPTALMH IIOCBSIIEHA O3KCIEPUMEHTAIBLHOMY
WCCJIEIOBAHUIO KHWHETUKU OKHCIIEHUs aJIIOMHHUEBOIO IPOBOJHUKOBOIO CIUIaBa
AlTi0.1 ¢ nuTHEM, HATPUEM U KaJTUEM.

B nsToi riaBe aMccepTanmuMM TPUBEIEHBI PE3yJbTAThl HCCIEIOBaHUS
MOTEHIIMOCTATHYECKUX CBONCTB alFOMHUHUEBOT0 MpoBoaHUKOBOrO crutaBa AlTi0.1 ¢
JTUTHEM, HaTpUeM U KayreM B cpene pactBopa NaCl.

MeToabl Hec/ieIoOBaHUS U HCNOJ1bL30BaHHAS annapartypa:

e MeToj MeTtajuiorpaguu JUisi NPOBENEHUS MUKPOCTPYKTYPHOrO aHajiu3a
crutaBoB (Mukpockon KPL 3230-2K); :

e Meron bpuHenns s onpeseseHHs — TBEPAOCTH  METAILIOB
(rBepanomep HBRV-187.5D);

® METOJl UCCJIEAOBAHUS TEIUIOEMKOCTH CIUIABOB B PEXUME «OXIIAXKACHUS C
UCIIOJIb30BAaHUEM AaBTOMATUYECKOM perucTpanuy TemImeparypsl obOpasma ot
BpEMEHU OXJIAXKIECHUS;

*  METOJ H3MEpEHHUs YJeNbHON 3JIeKTPONMPOBOAUMOCTH IIPU KOMHATHOM
temnepatype (B2-27HLI);
® METOJl TEPMOTPABUMETPUH [Tl U3yUEeHHs] KUHETUKU OKUCJIEHUS CIUIaBOB;
® peHTreHo(ha30BbIHM aHAIU3 MTPOAYKTOB OKHcieHus cruiaBos (JJPOH-3);
® IIOTEHI[MOCTATUYECKUN METOJ ISl M3y4YeHHUs] aHOJHBIX CBOMCTB CILJIAaBOB
(morenuumoctat [T 50-1.1).
HayuyHnasi HOBH3HAa M NpaKTH4YecKasi 3HAYUMOCTh padoThl.

e MeToJaMM MeTajulorpaduueckoro aHajlid3a YCTAaHOBJIEHO, YTO BBeIEHHUE
n00aBOK JTUTHUS, HATPHS U KA B KOHIleHTpauuoHHOM auanazone 0,01-0,5 mac.%
OPUBOAUT K U3MENbUCHUI0 CTPYKTYPHBIX COCTaBIISIIOIIMX  aJFOMUHUEBOTO
nposogHukosoro crasa AlTi0,1.

e MetonoM bpuHenns ompeneneHa TBEPIOCTH CIUIABOB M YCTAaHOBJIEHO, YTO
BBeneHue a0 0,5 mac.% menounsix wmetawtoB (Li, Na, K) crnocobeTryer
MOBBIIIEHUIO TBEPIOCTHU U MpoUHOCTH HcxoaHoro crasa AlTi0,1.



® B PEXKUME KOXJIAKJEHHUS» 110 U3BECTHOM TETNIOEMKOCTH 3TaIOHHOTO 00pa3ia
U3 amnoMuHUAS Mapku ASN  ycTaHOBJIE€HA TEIUIOEMKOCTh alOMUHHEBOIO
npoogHukoBoro cmiaBa AlTi0,1 ¢ menounsiMu Metauiamu. B pesynbrare
MaTeMaTH4eCKOU o0paboTku MOJTYYE€HbI MIOJITMHOMBI, OTUCHIBAIOIIINE
TEeMIIepaTypHYIO 3aBUCUMOCTH TEILIOEMKOCTH UM MU3MEHEHUN TepMOIMHAMUYECKUX
GyHKIMH BBIIIEYKa3aHHBIX CIUIaBOB B HHTepBasie Temmeparyp 300-800K. C
MIOMOIIIBIO TIOJTYYE€HHBIX 3aBUCUMOCTEN MTOKa3aHo, YTO C pocToM cozeprkanus Li, Na
u K TemnoeMKOCTh CIUIaBOB YBeJlIMYMBAaeTCs, a 3HauyeHue HHepruu [ ubd6ca
yMeHbIIaeTcs;

® METOJIOM TEPMOTPaBUMETPUHU T[OKA3aHO, UYTO C POCTOM TeMIlepaTyphl U
COJIep)KaHMs JIUTHUS, HATPUSI U KaJlusl B QIFOMUHUEBOM IPOBOJHUKOBOM CILJIaBe
AlTi0.1 cKOpOCTh €ro OKUCJIEHUsI He3HAYMTEIbHO YBEJIUYUBAETCS. Y CTAHOBJIEHBI
3aKOHOMEPHOCTH U3MEHEHUS! KUHETUYECKUX XapaKTePUCTHK MPOLEcca OKUCIECHUS
CIUIaBOB B TBEPJOM COCTOSIHUU B BO3YIIHOU cpene;

® METOIOM PEHTreHO(}a30BOr0 aHajgu3a OIpeIeSIeHO, YTO TPU OKHUCIEHUHU
UCCJIeIOBAaHHBIX CIUIaBOB 00Pa3yOTCs MPOCThIE OKCUIBI U OKCHUIBI THIIA LITTHHEIEH:
Ale_;, Ti305, TiOg, Li2,03Ti3.4308, Na2A122034, A121,86K2_59034. VYcraHoBineHa POJib
MOJUGDUIIAPYIOIIUX 3JIEMEHTOB B (OpMHUpPOBaHUHU (Da30BOTO COCTaBa MPOIYKTOB
OKHUCJIEHHUSI 1 MeXaHHU3Me Ipoliecca OKUCIIEHUs CILIaBOB,;

® MOTEHIIMOCTATUYECKUM METOJIOM B MOTEHUUOAUHAMHUYECKOM pPEXHUME MpHU
CKOPOCTH PasBepPTKU IoTeHuuana 2 MB/c mokaszaHo, 4To mo6aBKa MIENOYHOTO
meramia (Li,Na,K) B crumaB AlITi0.1 crocoOGCTByeT CMEIIeHHI0 MOTEHIUATOB
CBOOOJIHOM KOPPO3UM, MUTTUHI000Pa30BaHUS U PEIaCCUBAIIMU B MOJOKUTEIBHYIO
obnacTh 3HaUYeHUM, a CKOpOCcTh Koppo3uu npu BBeaeHuu 0,01-0,5 mac.% Li, Na u
K cHmxkaercs Ha 10-20 %. B 3aBHCMMOCTHM OT KOHIEHTpALMH XJOPHI-MOHA B
anektponute NaCl oTMeueHBI pOCT CKOPOCTH KOPPO3UHU CIUIABOB U CMEIEHHE
3EeKTPOXUMHUYECKUX MOTEHIIUAJIOB B 00J1aCTh OTPULIATETbHBIX 3HAYEHUH.

IIpakTHyeckass 3HaAa4YMMOCTH pabdoOThl 3aKJ/JO4YaeTcss B TOM, YTO

NpoBeIEHHBIE  JKCIEPUMEHTAJbHbIE  HCCIIEIOBAHHWS  IOMOIJIM  BBISBUTH
onTUMalibHble KOHIeHTpamuu [I[M B amOMUHHUEBOM MPOBOAHUKOBOM CILIaBe
AlTi0.1, Ha ocHOBe 4yero ObuTH pa3paboTaHBl COCTABHI CIUIABOB, OTIHYAIOIIMECS
aHOJIHOW YCTOWYMBOCTBIO. PesysnbTarhl paboTbl MOryT OBITH HMCIIOJIB30BaHBI B
pPaZO3IEKTPOHUKE, BBIYMCIUTEILHON TEXHUKE, 3JIEKTPOTEXHUKE, B OBITOBOW
TEXHHKe, TPH pa3paboTKe METOAOB M TEXHOJIOTHH TMONydYeHHs OKpAIIEHHBIX
AQHOJIHBIX OKCHJIHBIX IJIEHOK C 3aJaHHBIMU (DYHKIHMOHAJIBHBIMA CBOMCTBAMU Ha
ATIOMUHHH U €T0 CIUIaBax. s

Pa3pabotanbl cocTaBbl HOBBIX CIUIaBOB, KOTOpbIE 3allUILEHbl MaJbIM
nareHToM Pecniy6muku Tamxukucran TJ Ne 1443.
OcHOBHBIE M0J105KeHHsI, BHIHOCHUMbIEe Ha 3aIUTY:
pe3yJbTaThl MUKPOCTPYKTYPHOT'O aHaju3a U MCCIIEJOBAaHUS MEXaHWYECKUX
CBOWCTB aylfoMHHHEBOro npoBoaHukoBoro crmiasa AlTi0.1 ¢ nutuem, HatpueM u
KaJuem;






