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BuBYCHO TeMIepaTypHO-4acTOTHY 3aJIKHICTh MPOBITHOCTI HecTexiomeTpuuHoi depormmineni LigsFe, s, Ti,Oy
(me x=0,1, 0,3, 0,6 i 1,0) npu 3MiHHOMY CTPyMi; [IOKa3aHO YaCTOTHY AMCIIEPCiI0 MpoBigHOCTi. BeTaHoBNIEHO, 1110
XapaKTepUCTUYHUI Yac peakcauiitHol mossipu3aliii 3HaxoquThcs B Mexkax (2-6)-10-6 c. BusiBneni miku B 4acTOTHIN
sanexuocti (tg &) mpn £=35,2-10% 72-10* 'y mns 3paskiB x = 0,6, 1.0 BigmoBigHo. 3po6IEHO BHCHOBOK MPO
IePCIIeKTHBHICTh BHKOPHUCTAHHS BHCOKOTPOBINHOI IiTii-3a1i3Hoi wrminem, momiiosawoi iomamm Ti*', y skocti

OaraTokaHaNbHOI MATPHL AJIS IHTEPKAALIi] 10HIB JITIIO.
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Beryn

JliTieBi (dhepuru-mmineni 3arajbHOTO
cknany Li, ;Fe, O, TpuBannii yac BuBuanucs y sSKOCTi

MarHiTOAKTUBHUX PEYOBMH 3 MPSIMOKYTHOIO TIE€TJICIO
riCTepe3ncHy, sIK Taki, 110 BOJOIIIOTH CHIEIUPIYHUMU
(ha3zoBuMH TepeTBOpPEHHsIMHU 1To0M3y Touku Kropi [1-6].
[Ipore ocobmuBOCTI OymOBM KpHCTaliuHOI CTPYKTYpH
[IITiHETl 1 HAsABHICTh HE3allOBHEHUX ITyCTOT OOUIBOX
tuniB  (tetpa A 1 okta B) [6-8] 1O3BONAOTH Y
MIepPCIIEKTUB] BUKOPHCTOBYBATH iX Y SIKOCTI €JIEKTPOJHUX
MaTepiamiB JITi€EBUX XIMIUYHUX Kepen ctpymy [9-11],
nopsy i3 cucremamu LiMn,Oy4 [12-16], LiCoO, [16-19].
Kpim TOro, mupokuil Kiac JiTi€EBUX MLIMiHENei BOJOIie
IOHHMM THIIOM MPOBITHOCTI 1 MOXe OyTH 3aCTOCOBaHUI

SK TBEPOUH EJCKTPOJIT y BHCOKOTEMIIEPATYPHUX
Jokepenax crpymy [20-24]. B o0umBoX BHIagKax
NPAaKTUYHOTO  BHKOPHCTAHHS  IIMIHEIBHUX  CIHOJYK

OJTHMMH 13 BU3HAYAJIbHUX KOHTPOJILOBAHHUX NAPaAMETPIB €
MIPOBINHI 1 Ji€IeKTPUYHI BIACTHBOCTI MaTepiany, sKi, y
MepIIy Yepry, 3yMOBIIOIOTECS €EKTPOHHHM CIIEKTPOM i
KPHUCTAJIYHOIO CTPYKTYpOIO, MO (HopMyeThCs Y Tporieci
CHHTE3y, a TaKOX MIKPOCTPYKTYpOIO, KA BH3HAYA€THCS
XapaKTEePUCTUKAMH 3epPEH MOJMIKPUCTANIYHOTO MaTepiaiy
Ta MDK3EpEeHHUX TpaHulb po3nuty [24-25]. Cuntesne
NOMIIOBAHHA 10HAMM METAJIIB — OJWUH 13 OCHOBHHUX
Croco0iB  BINIMBY Ha  (i3MKO-XIMIUHI  MapameTpu
OKCUJHUX IIIiHENeH, B TOMYy 4YHCII 1 TpPOBigHI Ta
JUCNEKTPUYHI XapaKTepUCTHKH. Tak, y poOoTi [26]
PO3TIISTHYTO XapakTep 3MiHHM (Di3MYHUX BIIACTHBOCTEH 1
cTpykrypu Li-Fe mmineni nuisixom qoaaBaHHs ABO-, TPH-
1 JoTupuBaNeHTHUX 10HiB. IlpoTe anami3 miteparypHHX
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JIAHUX [0Ka3aB, 1[0 HEMAa€E KOMIUIEKCHUX JOCIHIIKEHb
EJIEKTPOIIPOBITHUX Ta MiENEeKTPUYHUX BIACTHBOCTEH
JitieBoi (Qepormrineni, momidoBaHoi ioHamu Ti, xoua
caMe TakKi CHCTEMH € OCOOJIUBO IIHHHMHU 3 TOYKU 30Dy
KaTOJHUX CUCTEM IS JITiEBUX JDKepen cTpymy [21]. V

poboti [27] mnpencTaBiIeHO TUTPKA HU3BKOYACTOTHI
JeIeKTPUIHI BJIACTHUBOCTI (hepuris
ckmany Li, 5, s, Fe, s, 5, T1,0,, a Takox TpoBeaeHO

aHaJi3 iHQpauepBOHUX CHEKTPIB MOTJIMHAHHS PEYOBUHH.
Lli mociipkeHHSI CTOCYIOTBCS 3pa3KiB IEBHOTO CKIIAy,
K1 BIAPI3HSIOTHCSI OCOOIMBUMH YMOBaMH iX CHHTE3Y.

B maniit po60Ti METOIOM KOMIUIEKCHOTO IMIIEIAHCY
JOCIIIZPKEHO OIIip, EMHICTh Ta Ji€NEKTPUYHI BIaCTHBOCTI
HECTEXiOMETPUYHOI ~ CHCTEMH  3arajbHOTO  CKJIady
Li,sFe,;  Ti,;O, (0<x<1), sixa, B 3aJI€KHOCTI Bil
CBOIX MPOBIIHUX Ta IHTEPKAIALINHUX BIACTHBOCTEH, €

MEepPCIEKTUBHUM aKTUBHHM MaTrepialloM KaTOIB JITIEBUX
JUKEpeI CTPyMy pi3HOTO Mpu3HaueHHs [28].

0,5

I. Meroauka eKCiepUMEHTY

[MomikpucraniuHi  3pa3kd  HECTEXIOMETPUYHOIO
cknany LijFe, Ti .0, (0<x<1) orpumyBanuce 3a

TpPaAMUiHOI KepaMiuHOIO TexHosoriero [29] i3
nopoiwkiB Fe,0;, TiO, (pytwn) ta LiOH mapku o. H..
3aBeplIajbHINA CHHTE3 3iMCHIOBABCS MULSIXOM CITiIKAHHS
Ha TOoBiTpi mpu Temmeparypi 1473 K mpotsrom 8 rox;
OXOJIOJDKEHHSI TIOBUTBHE, pa3oM 3 miukor. Jlerami
TEXHOJIOTi1 omrcaHi B podori [30].
IMnienancHi rojorpagu

Z'=1(Z"), Ie



TemneparypHa 3a1eXHICTb IPOBIJHOCTI HECTEX1IOMETPUYHHUX...

Z” Z”
oropy cucremu (Z=7Z'-jZ",j-

— JificHa Ta ysABHA YaCTHHA KOMIUIEKCHOTO
ySIBHA OJWHUIIA)

OTPUMYBAIXM Ha IMIIEJAaHCHOMY CHEeKTpoMeTpi Autolab
PGSTAT 12/FRA- 2 B pianasoni uactor 0,01-10Tu. B
SIKOCTI €JIEKTPOJIIB BAKOPUCTOBYBABCS CTPYMOITPOBITHHUIA
JIaK, SIKUil HAHOCHBCSI Ha TUIOCKI MOBEPXHI TaOneTku. 3a
X YMOB 10HHa TIIPOBIAHICTE OJOKyBaJach 1 3apsj
MIEPEeHOCUBCSl  TUIBKH  €JIEKTPOHaMH.  AMILITYyIa
CUHYCOIJAJIBHOT HaIpyru CTaHOBMJIA 100MB.
TemneparypHi BUMIpIOBaHHS 3/1HCHIOBAJIM B Iiana3oHi
Bix kimHaTHOI 110 673 K 3 kpokom 50 K 3a momomororo
enekTpuuHOi medi  mapku  SNOL  7.2/1100, ska
3a0e3rmedye TOYHICTH CTa0umi3amii Ta BHMIpPIOBaHHSA
temnepatypu ~1°C. UYac mOCATHeHHs piBHOBAarm B
3aJIOKHOCTI BiJ CKIIaJy 1 TeMIepaTypH eKCIEPUMEHTY
cra”oBuB Bix 20 xB 10 60 XB.

3 ypaxyBaHHSM T€OMETPUYHMX MapaMeTpiB 3pa3kiB
PO3paxOBYBAJIKCh MUTOMI 3HAYCHHS OIOPIB Ta YaCTOTHI
3AIIEXKHOCTI EJIEKTPUYHHUX TapamerpiBp” =p’'—jp”, ne

., ZA Z"A . .
p :T T, a A i d — moma mMoBepxHi

eJIEKTpoJa 1 TOBLIMHA 3pa3Ka BiAMOBiAHO. B ymoBax
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eKCIIEPUMEHTY eNEeKTpoau 3a (opMoo 1 TUIONIeo
BUOMpaNucs pIBHUMU OIYHIM TMOBEpXHI TaOJETKH.
KomruiekcHa mnHMTOMa MPOBIAHICTE BH3HAYaiacs i3
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Xapaktep KpHBHX TomorpadiB iMmemaHcy, 3HATHX
IUIA PI3HUX TEeMIIepaTyp, 3aJIHIIAE€ThCS MOMIOHUM IS
CHUCTEM BCIX AOCHIDKEHHX CKIafiB. Sk mpukianm, Ha
puc. 1. mpuBeleHi IMIENAHCHI CIEKTPU CHCTEMHU
Li,;Fe, Ti, O, B xoopaunarax Hefiksicta njis pisHux
TEMIIEpaTyp.

I'padiku mapamerpuunux 3anexuocreir Z' =f(Z"),
ne 7', 7"
apku (myrw) A7 BCiX 3HA4YEHb TEMIEpaTypH 3paska
JIOCHIDKYBAaHOTO  CKJagy.  3B'I30K i3 €MHICTIO

— ¢yskuii yacrorn, MaroTh GopMy OIHI€T
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Puc.1. TemmepaTypri  3alexHOCTI  Tromorpadis

iMnenancy ans cucremu Liy (Fe, Tij O,.

po3paxoByBaBcs 3 criBBigHomeHHss ®RC =1, ne ®, R

BAMIPIOBAJI 3 MaKCUMyMy OYTH Ha KPHBHX romorpadis
iMnenancy [20]; mpu LbOMY €EMHICTh MaJIO 3aJISKHUTh BiJ|
Temrepatypu 1 3Haxomutbesi B Mexax 0,1 - 0,2 Mmxd Ta
BIZITHOCUTBCS JIO BIATYKY 00’ €My 3paska.

OnHUM 3 OCHOBHHMX KpHUTEpIiB Uil BU3HAYCHHS
MEXaHi3My EJCKTPOIPOBITHOCTI € Ti 3aJICXKHICTh BiJ
YacTOTH 30BHINIHBOTO ENEKTPUYHOTrOo moisd. Y pasi
CTpHOKOBOTO ~ MEXaHi3My  €JEeKTPOIPOBIIHICTH 3
YacTOTOI0 POCTe, Ha BIAMIHY BiJl 30HHOI IPOBITHOCTI,
SKa TPAKTUYHO HE 3aJEXKHTh BiJ YaCTOTH 30BHILIIHBOTO
€JIEKTPUYHOTO TOJS aX IO 9acToT f =10°...10" I'y [31,
32].

Ha pucynky 2 (a-r) moka3aHo 4aCTOTHI 3aJIe)KHOCTI
MPOBIAHOCTI o(f) (AC-mpoBigHicTB) cUCTEM
Li,;Fe,;  Ti,;O, (me x=0.1,0.3, 0.6, i 1.0) mna pisaux
TemmepaTyp. 3HadeHHs G(f) cabo 3aJIeXKHUTh Bifl YaCTOTH

B miamasoni f=0.01 — 10°T'w. Tlpu 3poctanHi / BHIIE
10° T’y criocTepiraeThes piske 3pOCTaHHS MPOBIIHOCTI kK

0 TPaHWIll JOCHI[KYBAaHOTO Jialma3oHy  YacToT.
3anexHicTh O(f) € OUIBII BHPAKEHOK 3a HIKYOI
TEMIEepaTypH.

VY ¢izuni pepurtiB HAKOITBII BiTOMOIO MOJIEIITIO ISt
MOSICHEHHsI OTpuMaHuX pe3ynbraTiB AC mpoBigHOCTI B
3aJIOKHOCTI BiJI YACTOTH € MOJIIIb, BIIEPIIE PO3TIITHYTA B
pobotax Baruepa, Kynca i in [27, 33-35], 3rigHo sikoi
IITiHETb ne chopMOBaHUII  OaraTonIapoBHiA
KOHJICHCATop, B SIKOMY 3€pHa 1 TPaHUIi 3epeH MaloTh
pi3Hi mpoBimHI BiactuBOcTi. [lepexbauaerbcs, IO
MOJIKpUCTANIIYHA IIITiHENb CKJIQJIAETBCS 3  BEJIHMKHX,
MOPIBHSHO BHCOKOINPOBIAHMX oOOJlacTeli 3 IMUTOMHM
OMOpOM P, 1 JIi€NEeKTPUYHOI0 TPOHHUKHICTIO &, fKI
PO3IisIeHI TOHKUMH IIapaMd BiHOCHO CJIa0OMpOBigHOI
PECUYOBHHH 3 BEIMYMHAMH Py, 1 €, TOOTO 3 HU3BKOOMHHUX
3epeH 1 BHCOKOOMHHX TpaHUIb 3€peH. 3pPOCTaHHS
MPOBIAHOCTI 3 YAaCTOTOKI CTa€ 3PO3YMUTIHM, SKIIO
BpaxyBaTd, IO B 3MIiHHOMY EIIEKTPHYHOMY IIOJIi IIpH
MEeBHIH 4acTOTI BUMIPIOBAIBHOTO CUTHAINY BiJI0yBa€ThCs
"HIyHTyBaHHs" BUCOKOOMHHX MIDK3EPEHHUX TPaHHIb
nojikpucrany [36]. B oOmacti JOCTaTHRO BHCOKHX
YacTOT €MHICHUH (peakTWBHHMH) omip cTae HabaraTto
MEHIIUM  BiJI  aKTHUBHOTO. BHracmiok  mporo
€JIEKTPOIIPOBITHICTH BCHOTO MOJIIKPUCTATY BH3HAYAETHCS
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BJIaCTUBOCTSIMH 3€PeH, a BIUIMBOM MIDK3EPEHHOIO
MOTEHLIAIBHOTO Oap’epy Ha Mexi "3epHO-rpaHHIls”
MOKHA 3HEXTyBaTH. XapaKTEPHOI O3HAKOK TaKOI'o
eeKTy € 3pOoCTaHHs BEIMYMHH MHTOMOI IMPOBIAHOCTI
IIMiHETl © 1 3MCHIICHHS 3HAYCHHsS CHEprii akTHBAIlii
ENEKTPONEPEHOCY 13 3POCTAHHAM YaCTOTH EIEKTPHIHOTO
monsi. YacrtoTHa mucmepcis o Moke OyTH ommcaHa 3
o3I penakcariiHoi popmymnu [27, 37]
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o(f) =0, +—u O
1+ (2nfr)
ne inpekcn If 1 hf Bka3yloTh Ha 0OME)XEHHs 3HA4YEHB MPH
Hu3bKii (6mu3bko 10° ) i mpu BHCOKiH (671HM3BKO
10° I'm) gacrori BigmomimHo. Yac pemakcamii T €
XapaKTePUCTUYHOK  YacOBOKO  KOHCTaHTOK  JUIs
mimiHened. 3 piBasHHs (1) wac pemakcamii T
pO3paxoBaHuUil ISl Pi3HUX 3HAYCHb YaCTOTH. BusBICHO,
0 T HE 3aJIeXKHUTDH BiJ CKIAay 1 HOTro 3HAUCHHS JICKHUTD
B oxomi (2-6)-10°c. V3aranpHeHe 3HaueHHs T
BUKOPHCTaHe i HabmwkeHHs Kpunx o(f), xin siux

(M

Oy

JI00pe y3TOKYIOTECS 3 eKCIIEpUMEHTOM (pHuc.3).
Taky MmoBemiHKYy EIeKTPUYHOI MPOBITHOCTI MOXKHA
THOSICHUTH Ha OCHOBI Mozei €JIEKTPOHHOTO
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nepeckoky [38] Fe’" &2 Fe’* +e”, saxuit smilicHoeThCS
NUIAXOM ~ OOMiHY  €JIEKTPOHOM  MiX  TNEBHUMH
OKTae[pUYHUMH To3ulisiMu  (B-nosumismMu) B Tparmi
umineni [39]. Lle o3nauae, mo uactora B miarmasomi (10° -
10°Tw), criBmipHa 3  YacTOTOI  E€JIEKTPOHHUX
TIEPECKOKIB BIUIMBAa€ HA OOMIH €IEKTPOHIB, TOII SK IUIA
YacTOT, MCHIINX 3a 10° I'm, yacrora He chopuse
oOMiHHOMY MeXaHi3My. IIpu BHCOKHX
gacrorax f >5-10° I'm  moBemiHka  mpoBigHOCTI €
HacmiakoM obMiny enektponoM Mix Fe*' i Fe'™ i me
3aJI©KUTh BIJI YacTOTH 30BHINIHBOTO IPUKIAJCHOTO
TOJIA.

PosrisiHeMO — TemIiepaTypHO-4acTOTHI  3aJIeKHOCTI
MPOBIAHOCTI JOCTIHKYBAaHUX PEUOBHUH (pUC. 4).

OCKIBKY IIIHETbHI OKCUIM MPUAHATO BiIHOCUTH
JI0 HamiBIOPOBIJHHUKIB 3 HHU3BKOIO PYXJIMBICTIO HOCIIB
3apsiy, TO 3aJIeKHICTh TIPOBIAHOCTI Bi TEMIepaTypH, sK
NpaBWJIO, Ma€  HAIBIPOBIIHUKOBUM  Xapakrep 1

OIMUCYETHCS BUPA3OM BUIY:

c =0, exp(—%) , 2)

Jie Gy — MEPeACKCIOHCHIIMHUI MHOXHUK, SKAH He
3aJIOKUTh  BII ~ TeMmeparypu 1  BU3HAYA€ThCS
BJIACTHBOCTSIMM  HAIIBIPOBiAHWKA, W —  eHepris
akTHBalii mpoBigHOCTI, 7 — abcomoTHa TemrnepaTypa, k -
ctana bonbumana.

Y mpomecax MpOBiAHOCTI PYyXJIHUBICTH HOCIB €
JOMiHyI04MM  (aKTOpOM, BIUIUB SKOTO 3pOCTaE 3
TEMIIEpPaTypor0 32  eKCIIOHEHIIIWHMM  3aKOHOM 1
BU3HAYAETHCSI TEPMIYHOIO EHEpriero akrtupamii W
MOpSAKY, IO TEepeBHIIye TMOTCHIIAIBHUN  Oap’ep
MEpPecKOKy MiK nBoMa B-momokeHHsmu. Takox €
OUEBHJHUM TIO/I0NIaHH Oap’epy Ha rpaHuii 3epeH. Ha
sanexuocTax o (T"'), NpUBeIEHHX Y KOOPAMHATAX
ApeHniyca 1uis pi3HHX 4acToT, npu Temneparypi ~ 500 K
CIOCTEPIraeThCsi C1a00 BUPAKEHHH MaKCHUMyM, SKHH
BKa3ye Ha IepexiJl BiJl HaMiBIIPOBIIHMKOBOIO XapakTepy
npoBigHOCTI g0 MetaiiyHoro [40]. 3HaueHHs eHepril
akTMBalii mpoBigHOCTI W,  po3paxoByBaIM ISt
IpsSMOJTiHINHOI 0o0nacTi (00JacTh BIACHOI NMPOBIAHOCTI
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Puc. 4. 3anexHnicth log 6 sk QyHKUIT Bif T'lnpn pi3nux yactorax misi x = 0,1, 0,3, 0,6 1 1,0.
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[37]) samexuocti log o(T') mpu BHCOKHX 3HAYCHHAX
temneparypu T  (6mmsko 420 K),  rpadiuno
npezcTaBieHi BcTaBkamu puc. 4 (a-r). Bennumna W
Mparfe 70 3MEHIICHHS 13 30UIbIICHHSIM 4YacTOTH Ta
3pocTae MpHM 3MEHIIEHHi Kiapkocti iomie Fe®', o,

OYEBH/IHO, MOSICHIOETHCS MOTiPIIEHHAM YMOB
CTPUOKOBOTO PYXY €IEKTPOHIB.
Y pobGoti [27] 3a3HaueHoO, IO ICHYE CTpora

KOpeJIIList MK CTPUOKOBMM MEXaHi3MOM IIPOBITHOCTI 1
TUCNEKTPUIHOI  TIOBEAiHKOI  (epuTiB.  [0noBHOIO
TedgeHmiero ¢ 1 € g BCIX CKIamiB € Te, 10 IX
3HAUYCHHS 3MEHINYIOThCS i3 30UIBLIICHHAM YacTOTH, SIK
MmokazaHo Ha pwuc. 5. L{i0 3alexHICTh AieNeKTPUYHUX
BJIACTUBOCTEH MOXKHA SIKICHO TOSICHUTH HA OCHOBI
TIPHUITYIIEHHS TIPO MEXaHi3M IOJIIPU3ALiHHOTO TIPOIIeCy B
IIITHEISIX, TOi0HO 1To Tpollecy mpoBigHOCTI. BHACTIOK
€JIIEKTPOHHOTO OOMiHYy

Fe’* 2 Fe’ +e 3)
BUHUKA€ JIOKAJbHE 3MIIICHHS €JEKTPOHA B HANPIMKY
MIPUKJIAZIEHOT0  eNekTpuyHoro mons. Lli  3mimenHs
BU3HAYAIOTH TOJISIPU3ALIIO0 LIMiHENI, SKa PU3BOIUTE N0
MOHIKCHHS TOJII  BCepeAWHI 3pa3ka. 3MEHIICHHS
noyspu3aiiii (IienekTpuyHa cranag’ ) i3 30UIbIICHHAM
YacTOTH Ma€ MICIe TOMY, IO NpH IIeBHIH YacToTi
EJIEKTPHYHOTO TOJs eeKTPOHHHIT 0OMiH Mixk Fe*™ i Fe’*
HE 3IHCHIOETHCS BHACIIIOK MIPUKIIAJAEHOTO oI, Takum
YMHOM, JieJIeKTpUYHa CcTaja MOXE  IIOCTYIIOBO
3MEHIIYBAaTHCh 13 30UIBIIEHHSM YacTOTH. AHai3 pucC. 5.
MIOKa3ye, IO XapaKTep 3MIHM YaCTOTHHX BIIACTHBOCTEH
JIEeNeKTPUYHOT TPOHUKHOCTI (EpUTIB B OCHOBHOMY

10°

GY

10° T T T T T
10° _.10°
f (AD)

3aNekaTh B iX CKIamy.

Ha puc. 6. nokazana 3MiHa TaHreHcy BTpaT (tg J) Bin
YacTOTH JUIsl PI3HUX CKIIAAIB JOCIIIKYBAaHOTO 3pa3Ka.
Bigomo, 1o TaHreHc BTpar (tg J) MOXHA O3HAYMTH, SIK
BiAHOIICHHS

tgo=¢"/e, @)
Makcumym B tgd mpuM  TEBHI  yacToTi
CIIOCTEpITaeThCsI, KON € Jocsrae  MiHIMAJIEHOTO

3Ha4YeHH, TOOTO iCHy€e MiHIMYM €Heprii BTpar IpH JaHii
yacToTi. [HIIE MOsICHeHHS MIKIB y 3MiHI TaHreHca BTpar
Bil YACTOTH Ma€ MicClle, KOJIH dYacTOoTa IEPECKOKY
MPUONIM3HO PiBHA YacTOTI 30BHINTHHOTO IPHUKIAJACHOTO
SNIEKTPUYHOTO MOJSL, IO €, BJIACHE KaXy4H, SBHIIEM
pe30HAHCY, TpPU IBOMY YaCTOTA fi.x IMPONOpLiiiHA
iMOBIipHOCTI cTpuOKa (o't = 1).

Buxonsun 3 kopensmii MDK  JiCTEKTPUIHUMHU
BIACTHBOCTSIMH 1  TIMUTOMOIO  EJIEKTPOIPOBIJHICTIO
HIiHesaed, MOXKHA NPUITYCKAaTH, L0 MeXaHi3M, SKUH
MIPU3BOIUTH O OTPUMAHHS BHUCOKMX 3Ha4eHb € 1 tg o,
BUKJIMKaHHH JpeiidoM (andy3iero) B eNeKTPHYHOMY IO
THX CaMHUX YacTHHOK, a came Ciabo3B’si3aHuX
enekTpoHiB. B mpomeci TemmoBmx (aykryamii i
SNIEKTPOHN MOXXYTh BIJIXOIWTH Ha [JEKiJIbKa aTOMHHUX
mapaMeTpiB  Big TaKk 3BaHMUX  IUIFOC-IICHTPIB
BIPOBAPKEHUX KATIOHIB 200 aHIOHHUX BaKaHCIH, aJie Imij
JIEI0 KYJIOHIBCBKUX CHII 3HOBY MOBEPTAIOTHCS 10 HUX. B
3MIHHHUX EJIEKTPUYHHX MOJSIX C1a003B’si3aHi €IeKTPOHU
3MIACHIOIOTh JIOJATKOBI KOJNUBAJIBHI PyXH OIS IUTIOC-
IEHTPIB.

Yum  Oinbie
c1a003B’A3aHUX  EJEKTPOHIB,

y IImiHeNnl  IUTIOC-LEHTPIiB 1
TUM  OlTbIE  YHCIIO

@

10°

3
1074 0.001

0.000
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Puc. 5. Kpugi 3aexHocrti €, €” 1 6 BiJ 4acTOTH IpH KiMHaTHIH Temmepatypi mis x = 0,1; 0,3; 0,6; 1,0.
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Puc. 6. 3anexHICTh TaHTEHCA BTPAT Bif YaCTOTH.

EJIEKTPUYHHX JTUIOJIIB YTBOPIOETHCS HUMH 1 TUM BHILA TX
JleIIeKTprYHa MIPOHUKHICTB. 3 MM ABAILEHHAM
TeMmrepaTypu  30UIBIIyeTbCS — BiICTaHb, Ha  SKY
c11a003B’A3aH1 EJIEKTPOHU MOXKYTh BiJIMTH Bif ILIIOC-
[EHTPiB, BHACHIJOK YOTO 30UIBIIYETHCS IOISIPHU3ALIs
(depury i, OTXKe, IieNeKTPHIHA TPOHUKHICTB.

Bincrani, Ha ski c1a003B’sI3aHi €IEKTPOHH MOXYTH
BIZIWTH BiJ IUTFOC-IIEHTpA, 3aleXaTh BiJ 4acTOTH. Sk
BXKE 3a3HAYaNoCs, cabo3B’s13aH1 €JIEKTPOHU
3HAXOIAThCS Ha 10Hax 3amiza (abo KaTioOHaX 3MiHHOT
BJICHTHOCTI, HANPHKJIaA i0HaX Mn) MpOTArOM IEBHOTO
yacy. UuM HIKYa YacTOTa, THM OUTbIIA KiJIBKICT
c11a003B’A3aHUX EJIEKTPOHIB Yy IIMHEIIX MOXe Oparu
y4acTh B Apeii(i eJeKTPOHIB 1 BIMIHTH BiJ] IUTIOC-IIEHTPIB
Ha OuIpIly BiACTaHB; MpPH LBOMY IX MJieleKTpUYHA
MIPOHUKHICTH CTA€ 3HAYHO BHILOIK. [IpoTe mpH BHCOKHX
4acTOTaxX Yac 3MIiHM HAIPSMKY IIOJIS cTae y Oarato pasiB
MEHIIUM BiJI CEpPeIHBOTO HYacy pellaKcallii eIeKTpOHa;
JUEeNeKTPUYHA TPOHUKHICTh 3 YaCTOTOI0 3MEHIIYETHCS.
Jurioni, sKi YTBOPIOIOTHCS IiJi BIUIMBOM 3MIHHOTO
SJIEKTPUYHOTO MOJISA €JIeKTPOHAMH 1 IUIIOC-LIEHTPaMH, €
OCHOBHOIO TPUYMHOIO iX BHCOKOI JlieNeKTPHUYHOT
npoHuKHOCTI. [IpoTe B 3HaYeHHS 1Ii€] BEIMUUHH MOXKYTh
BHECTH CBili BHECOK 1 iHII IPOLIECH, IO MPOTIKAIOTh Y
mmiHemsix. OHa 3 IUX CKJIQJ0BHX IOB’si3aHa, IMepll 3a
BCE 13 HeoJHOpiAHICTIO mmmiHenell. dopmanabHO Teopis
HEOJHOPIMHOCTI B 3MO31  TIOSCHUTH  HAasSBHICTH
MaKCUMYMiB B YaCTOTHIH 1 TeMIIepaTypHiil 3aJIe)KHOCTI tg
J, a TaKkOoX BIUIMB YMOB CITIKaHHS Ha JieNEKTPUYHI
BJIACTUBOCTI IIMIHENEH, OCKIIBKH BBa)Ka€, IO Bif
TEMIIEpaTypy CIIKaHHS 3aJieKaTh IPOBIAHICTD 3epeH 1
TOBIIHMHA MPOILAPKIB M’k HUMH, 1 SIK HACIIIIOK, MEXaHI3M
MPOBITHOCTI.

Ipornecu npoeinuocti B Li-Ti — cucremax 3aexath
Bin masBHOCTI iomie Fe?'. TMosea iomis Fe?' mokimBa

BHACNINOK okucieHHs iomis Fe'', xomn depuru
CHIKAIOThCA npu MiJBUIIEHUX  TEMIIepaTypax.
[IpoBimHicTs y INMiHENSIX ICHYE BHACHIIOK pYyXY

eJeKTPOHIB MiX ioHamu Fe pi3HOI BaJeHTHOCTI CyCimHIX
mapis, Tak 1mo Fe* —e &2 Fe’*, Takum umHOM wYmcI0
HOCIiB 3apsily MOB’s3aHe 3 KimbkicTio iomiB Fe?' B
marepiami. Taka cama KiIbKICTH HOCIIB  Oyne
MepeMiliaTHCh Kpi3b 3€pHa 1 B3JOBX T'PaHUIb 3€peH.
TakuM YMHOM, EKCIOHEHIIMHMII WIeH € TOJIOBHUM
(axTOpOM, 110 BH3HAUYAE 3MiHY OIIOPY 3 TEMIIEPATYPOIO
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Puc. 7. 3anexHicTh NMpOBiAHOCTI BiA 3HA4YeHHS X B
Jitii-3ani3Hii mmineni cknany LigsFes s TixOs.

SIK JUTSA 3€PEH, TaK 1 U TpaHuIh 3epeH. [lpu 3amimeHHi
y Li-Fe mmineni wactunn aGo Bcix iomis Fe’' ma iomu
MeTaliB IHIIOi BaJEHTHOCTI, B TOMY 4HCIi 1
YOTUPHUBAJICHTHUX,  EJIEKTPOIPOBIMHICTh  IIiHETeH
3MmeHIIyeTbess  (puc. 7). Lle sBume MoOXHa SKiCHO
MOSICHUTH THM, IO U TIEpEeXOay €IeKTPOHIB Bia i0HA
YOTHPHOXBANGHTHOTO MeTamy 10 ioHa Fe'' HeoOximma
Ginbma enepris, Hix amsa Fe?'.

BucHoBknu

Bmepme  mms HecTexXiOMETpHMYHOI  INIIiHEI
Li,;Fe,, Ti,;O, (ae x=0,1; 03; 0,6 i 1,0
BCTaHOBJICHO  TEMIIEPaTypHO-YacTOTHI  3aJeXHOCTI

MTUTOMO] €JIEKTPOIIPOBIIHOCTI HA 3MIHHOMY CTPYMi.

3a pgonomororo KiacMuHMX Qopmyn [lebas s
OJTHOTHITHUX JTATIONIB anpOKCUMOBaHI
EKCIICPUMCHTABHI 3aJIC)KHOCTI TUTOMOI MTPOBITHOCTI BiJ
YacTOTH MPUKIIAICHOTO 30BHIIIHBOTO EJIEKTPUYHOTO
TIOJISL TIPH PI3HUX CKIIANax MOCIiIKyBaHOTO 3pa3ka. [Ipu

I[OMY BCTAHOBJCHO, II[0 XapPaKTEPUCTUYHHHA dYac
penakcaiiifHol monspu3amii 3HAXOAUTHCA B  MeXax
(2-6)-10° ¢ i He 3amexuTHL Bij CKIamy Ta TEMIEpPATypH
3paska.

3a  pe3ynbTaTaMd  BHMIPIOBaHHS  IPOBIJIHOCTI
LIITiHel 3HaliIeHO EHEpTito aKTUBaIil
CJIEKTPOIIPOBIAHOCTI  BiJl YaCTOTH  MPHKIAJCHOTO
CJIEKTPUYHOTO TIOJSL.

OTtprmana KepaMiuHUM CIIocoooM

HecTexioMeTpuuHa mimiHens ckiaagy LigFe,,Ti; .0,

BOJIOJII€ BUCOKMM 3HAUEHHSIM €JICKTPOHHOI MPOBIIHOCTI,
o, pOOHWTH Marepial IEPCIEeKTHBHOIO KAaTOAHOIO
CHCTEMOIO JUIsl  NIeKTPOXIMIYHUX JUTIEBHX JDKEpes

CTpyMy.

Ocmadghinuyk b.K. — unen-kopecnongent HAH
Yxpainu, ToKTop ¢i3. — Mar. HayK, peKTop;

Tacrok I M. — xarauaaT $i3uKo — MaTeMaTHYHUX HayK,
JeKaH (i3UKO-TEXHIYHOTO (DaKyIbTeTy;

Yeopuyk B.B. — crapumii 1abopanT kapenpu MiHT.
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B.K. Ostafiychuk, .M. Gasyuk, V.V. Ugorchuk

Temperature Dependences of the Non-Stoichiometric Li-Ti Ferrospinels
Conductivity

Precarpathion National University named after V. Stefanyk, Shevchenko Str., 57,
Ivano-Frankivsk, 76000, Ukraine, e-mail: Uhorchuk@rambler.ru., phone: +(0342) 59-60-29

The temperature-frequency dependence of conductivity of non-stoichiometric Li, Fe,  Ti O, ferrospinel

(where x = 0,1, 0,3, 0,6 and 1,0) at alternating current has been studied; the frequency dispersion of conductivity is
shown. It is set that characteristic time of relaxation polarization is in scopes (2-6) - 10®s. There are peaks in
frequency dependence (tan 8) at f'= 5,2 - 10*, 7,2 - 10* Hz for the samples of x = 0,6, 1,0 respectively. A conclusion is
done about perspective of the use of high-conducting lithium-ferrous spinels, doped by Ti*" ions, as multichannel
matrix for intercalation of lithium ions.

Key words: conductivity, spinels, model of Koops, tangent of losses, energy of activation.
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