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Beryn

[onikpucraniyHi MIIiHETI BOJOMIIOTE 0COOIMBUMHU
CIIEKTPUYHUMH TIAPAMETPaMH, IO CHIBHO 3alIeKaTh BiJ
UTOTO psiny (aKTOpPiB, TAKUX SIK CIIOCIO MPHUTOTYBAHHS i
CHUHTE3HE 3aMillleHHs pi3HUMH i0HamHu. JliTieBa mimiHe b

LiysFey 50, i i
€ JIelIeBUM MaTepiajioM, SKUH IIUPOKO

BUKOPHCTOBYETHCSl JJIsl BUPOOHHUITBA MiKPOXBHIIBOBHX
NpUCTPOIB Ta KoMipok mam’siTi. Kpim mporo, B podorax
[1, 2] moka3aHO, IO 3aBASKHA HASBHOCTI PO3BHHYTOI
KaHAIBHOI CITKM, TaKi IOIiHETl 3 YCHIXOM MOXHA
BUKOPHCTOBYBATH SK KaTOJHO-aKTHBHI I1HTEPKAJSAIiiHI
CHCTEMH VISl JIITIEBUX JOKEPEN CTPYMY LIMKIIYHOTO THILY
pobotu. OmHUM 3 PakTopiB, IO MO3UTUBHO BIUIMBAIOTH
Ha EJEeKTPOXiIMiuHI MapaMmMeTpu TakuX JDKEpen €
NPUCYTHICTh JIBOX THUIIB NPOBIAHOCTI (€JIEKTPOHHOI Ta
ioHHOT). BCcTaHOBIIEHHS TTepeBaXarovuoro BILIMBY TOTO YU
IHILIOrO THITY MPOBIJHOCTI, IX KOHKYPEHLT Y1 B3aEMHOT'O
CIPHUSIHHS B pI3HMX YacTOTHHX IHTEpBaJaX CKIIAJae
BOXJIMBY NpPaKTHYHY 3ajgady, OCKUIBKM came I
MeXaHi3MH 3HAYHOIO MIpOI BH3HAYAIOTh CTYIIiHb
IHTepKaiAmii 1OHIB JiTiFO B Taki CTPYKTypH Ta
3BOPOTHICTH CAMOTO MPOIECY IHTEPKAIIAIII.

l'erepoBanienTHE  3aMilleHHS B I[IHIHETIbHY
CTPYKTYpPY Ja€ MOJIHBICTh CTBOPIOBAaTH JOJATKOBI
JIe(eKTH, sIKi BHHUKAIOTh 5K 3apsAI0BI KOMIICHCATOPH [3]
i, TAKAM YHHOM, 3MIHIOIOTh MPOBIMHI Ta IiCICKTPUYHI
BJIACTUBOCTI MaTepiany.

B HECTeXIOMETPHYHUX

IITTiHEISX TUITY
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LigsFeys_,Mg,0, HABITh NPH KIMHATHIA TeMIeparypi ioHH
JiTito (a, MOXJIHMBO, 1 i0HM MarHilo [4]) BOJOAIIOTH
3HAYHOIO PYXJIMBICTIO. B Takux mImiHeNsx TeTpaeapudHi
Mo3uLii 31aTHI 3aliMaTy K 10HU Fe’™ rak i Mg2+, B
pe3ynbTaTi 9OT0 KaTIOHHUHA po3monin Mg — 3aMilleHnX
IIITiHENeH BiIPi3HAETHCS BiJ PO3MOIUTY HeE3aMilleHOT
mmineni  LiysFe,s0,, B AKiH B  TeTpaBy3lax

3HAXOMATHCS — Timbku iomum  Fe’'  [5].  Takuii
MEPepo3MOIiI CYTTEBO BIUIMBAE Ha EIEKTPOQi3UIHI
mapaMeTpH 3aMilIeHIX HeCTEXIOMETPUIHHX IITTIHETIeH.

B a”Ii pobori METOIOM IMITETaHCHOT
CHEKTPOCKOIIl  TOCTi/KyBaBCS BIUIMB CKIIAAy Ha
enexTpodizuuHi BJIACTHUBOCTI IIiHe CKIIaxy
LiysFeys_,Mg,0, (y=20.0-1.0).

I. MeToauka pocaixKeHb
ITonikpucramivni 3pa3Ku CHUCTEMH

LiysFe,s_ ,Mg,0,

CTaHAApTHOIO KepaMiyHOI TexHouoriero. JleranbHo
OIUC NPUTOTYBAaHHS HaBelIeHO B poboti [5]. B wiii xe
pobOTI  METOAOM  PEHTIeHIBCHKOro  Au(pakiiifHOrO
aHajizy Ta MeccOayepiBCbKOI —CIEKTpocKorii Oyio
BCTaHOBJICHO, 110 OTpHUMaHi 3pa3Ku €
HECTeXiOMETPHUYHUMHU oHO(a3HUMHU LI HESIMA
(npocropoBa rpyna Fd3m) i npencraBieHO KaTiOHHHUH

(y=0.0-1.0) Oymu orpumaHi 3a
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PO3MOIN, 3TiIHO SKOTO TETPaCHPUUHI MO3UINT «IUIATE
MK 0000 10HHM 3a1i3a, Mardiro Ta JITIIo.

[IpoBimHICTh TIPH 3MIHHOMY CTPYMi, TAaHT€HC BTpaT,
NICHY Ta ySBHY YaCTHHHU Ji€IEKTPUYHOI POHUKHOCTI
BHU3HAYAIHCS Ha OCHOBI EKCIIEPUMEHTATbHUX
3aJIOKHOCTEH  MOBHOTO  KOMIUIEKCHOTO  IMIICAHCY,
oTpuMaHuX Ha criektpomeTpi Autolab PGSTAT 12/FRA-
2 B miama3oni yactoT 0,017 — 100 k[’ 3a KiMHATHOI
TEMIIEpaTypH.

II. Pe3yibTaTH eKCIIEPUMEHTY Ta iX
00roBOpeHHs

1. YacrotHi 3anexHocti. ['omorpadu iMmnenancy
KOH/ICHCATOPHUX CHCTEM rpaditoBuit
€JIEKTPOI/3pa30K/TpadiTOBUI CIIEKTPOA TPHBEIACHI [0
NUTOMUX 3Ha4eHb CTPyMy npuBezeHi Ha puc.l. Ha puc.2
HaBE/ICHO YaCTOTHI 3aJIe)KHOCTI [ificHOT &' Ta ysBHOI &"
YACTHHA KOMILJIEKCHOI JieJeKTPHYHOI MPOHHKHOCTI.
OCHOBHOIO TEHJICHIIIEIO IS BCiX 3pa3kiB € Te, Mo &' i
&" 3MEHIIYIOTHCS 13 30UTBIICHHAM 4acToTH f. [Ipudomy,
y monBiiiHomy JnorapudmiuHoMy MacmTabi ysiBHa
YacTHHA MICNEeKTPUYHOI IMPOHHUKHOCTI  3MIHIOETHCS
nmiHifiHO, a [iificHa YacTWHA Mae IIUPOKUA MIHIMyM.
Takwii XapakTtep TOBEIIHKH 5( f ) MOXKHa SIKICHO
MOSICHATH HA OCHOBI MEXaHi3My IOJAPHU3AIHHOTO
mporecy v ¢depuri. BHacmigok enekTpoHHOTO 0OMiHY
Fe** & Fe’ +e  BUHEKAE JIOKAlIbHE  3MIlICHHS
eNIEKTPOHA B HANPSMKY MNPHUKIAJCHOTO CICKTPUYHOTO
mosst. 1i 3MmimeHHs BU3HA4alOTH ToJsipu3anio ¢eputy

[6]. Bimomo, mo moNApH3alis MPUIBOIUTH JIO
1,8x10°
—a—y=0.1
1,5x10° ——y=03
! y=0.6
o —v—y=0.8
1,2x107 1 y=1.0
H ,
3 9.0x10'
:CL
6,0x10"
3,0x10°
d T /'"“
00 W "1.‘
L L L L L L 1
0,0 3,0x10" 6,0x10 9,0x10" 1,2x10° 1,5x10° 1,8x10°
p'(Omm)
Puc.1. EkcnepuMmeHTtanpHi TOZOTpady CHUCTEMH

LiysFeys ,Mg,0, .

HNOHW)KEHHS eJIeKTPUYHOTO IO BCEpPeAuHi 3pasKa.
3MeHIleHHs] ToJsipu3alii i3 30UIbIICHHSIM YacTOTH Mae
Miclie TOMY, 1[0 TP TIeBHIi YacTOTi eNEeKTPUYHOTO MOJIS
SJIEKTPOHHMIA OOMiH MiXk Fe*™ i Fe® e 3uificHoeThCS
BHACITIZIOK BIUTUBY IPUKJIAICHOTO MO

3MiHa TaHreHCy BTpaT fg d(f)3 dYacToTor Tpu
KiIMHaTHI TemmnepaTypi HaBegeHa Ha pwuc.3. Ll
3aJIeKHOCTI JJIsl BCIX 3pasKiB MaloTh MK B Jiana3oHi
4acTOT fiax 15 — 30 I'm. Makcumym B #g 5(f) Moxe

CHOCTepiFaTI/ICH, KOJIM YaCTOTa MNCPCCKOKY l'IpI/I6J'II/13HO
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piBHA 9acTOTi 30BHIIIHBOTO MPUKIAICHOTO MO, Y MOBH
JUISl CIIOCTEPEIKEHHS] MaKCUMyMy B fg J(f) 3amaroTbest
CHIBBIHOIICHHSM [6]:

o't =1

I[e w’ = 27yfmax 1 fmax
IMOBIPHOCTI MEPECKOKY, 7 - Yac pellakcarii.

[HIIIe OSICHEHHSI BUHUKHEHHS TMiKa y 3MiHI TaHTeHCY
BTpaT 3 YacTOTOI0 MOKHA 3pOOMTH 3 BpaxyBaHHAM
qucnepcii nienexTpuyHoi cranoi. [IpucyTHicTh Takoro
MakCUMyMy MOXKHA MOSICHUTH THM, IO IIBUIKICTh
3MEHILICHHS JircHOT YaCTHHH JeTeKTPHYHOT
MPOHUKHOCTI B 00JacTi 4actor f<f,, 3pocrae, a npu
S>fmax BMCHIIYETHCS (K L€ BUIHO 3 pHC.2), IO 1 MOXe
OyTH IPIYUHOIO BUHUKHEHHS MKy Ha 3aJIeKHOCTI /g J(f).

Y poborti [7] Hamu Oymo MOKa3aHoO, MO I CHCTEMHU
LiysFe, 4Mg,,0, XapakTepHMUM € JiBa 3HA4YEHHs

BJIACHOT JIIEJIEKTPUYHOI MPOHUKHOCTI NMPU TOCTIHHOMY

Q)

€ TIPOTIOPUIHHUM [0

moiai: €1=46,6 Ta €=873, mo BiAmoBigaE
JUENeKTPUYHAM BJIACTUBOCTSIM 3€PEH Ta MIDK3EPEHHHUX
rpaHuilp, BignosigHo. Yacrotw, mis AKX  OyJo

OTPUMAHO I1i 3HAYEHHS BIAMOBIJAIOTh YaCTOTaM, Ha SIKMX
CIOCTEPIraloThC MaKCHMYMH Ha 3aJIeKHOCTI 1g J(f).
OueBuIHO, AMCHEpCis IiHCHOI YaCTUHM JieNeKTPHYHOT
NPOHUKHOCTI ISl 3€peH 1 MDK3EpEeHHHUX TpaHullb €
pi3HOIO 1 X BIUIMB NPOSBIAETHCS B ACHMETPHUYHOCTI
dopMu norapupMy UACTOTHOI 3aJICKHOCTI TaHTCHCA
BTpar. ToOTo, y BUNAAKy MarHid-3aMilIeHUX JITiH-
3ai3HUX MIMHENeH TepeBaKaloUnM € Pe30HAHCHHHA
XapakTep TTOBEIIHKU 4acTOTHOI 3aJIeKHOCTI
JEIeKTPUIHOI IPOHUKHOCTI.

Ha puc.4 HaBeneHO 4acTOTHY 3aJeXKHICTh IIHCHOT
YaCTHMHU MPOBIJHOCTI 3a KIMHATHOI Temmepatypu. B

obumacti yactor f < 10°Ty o maibke He 3MIHIOETBCS 3

4acTOTOIO, OJHAaK TpH f ~10* T'g CIIOCTEPIraeThes

HCMOHOTOHHO
JocAarae

3MiHa OCTaHHBOI. [poBigHicTh
30UIBIIyEThCS 13 3pPOCTaHHSIM YacTOTH 1
MakCUMyMy Tpu f ~5-10° I'. YacToTHY 3aJIeKHICTh
AC mpoBigHOCTI MOXHa TOSCHUTH Ha OCHOBiI TEOpEMH
Kymnca [8] 3rizHo SK01 AaHy cUCTeMy MOXKHA PO3IIIsIaTH
K 0araTomapoBUil KOHJEHCATOp, B SKOMY 3epHa 1
TpaHMIl 3€peH BOJOMAIIOTH PI3HUMH BJIACTHBOCTSAMH. 3
JaHUX XapaKTePUCTHK BHIUTHBAE, IO BHIIE MEBHOI

4
(f =10"T)
KOHJICHCATOpa 3pOCTA€ 3 YaCTOTOI), B PE3YNIBTATI YOTO i
3pocTae mpoBigHICTh. Penakcaiis o Moxe Oytu
OIMCaHa 3 MOo3HUIT penakcaiinux dpopmyan [4]:

4aCTOTH BILIIUB 6araT0mapOBoro

~ G, —O,
O'(a)) =0,, +———2- 32" 2)
1+(an')
Je IHJIEKCH WY 1 64 y 3HAueHHAX O, 1 O,

BKa3ylOTh Ha OOMEXEHHs 3Ha4eHb NPH HU3bKIH (0113bK0
10°T) i Bucokiit (6museko 10°Tm) wactori, uac
penakcalii 7 € XapaKTEpPHOK YacOBOIO KOHCTaHTOIO
¢eputiB i @ =27 .

3 piBHsHHS (2) yac penakcalii 7 Oyyo po3paxoBaHO
JUIS  PI3HUX CKIIAJiB 3pa3KiB 1 BHKOPHCTAHO JUIS
HaOJIMKEHHSI €KCIIEPUMEHTAIILHOT  KPUBO1 o-(f ) 3a

penakcauiiinoro dopmynorw (2) (puc.4). 3HaueHss o, ,
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0, , T HaBEeIEHO B TAOIUIL.
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MexaHisM (QopMyBaHHS EIEKTPOHHOI CKJIaJIOBOI
MPOBITHOCTI MOYKHA MOSICHUTH Ha OCHOBI Ti€l X MOJei

CIIEKTPOHHOTO MEPECKOKY, O CAHOT BUILIE.
ENeKTpOHHMI MepecKoK (Fe2+ = Fe3+) BimOyBaeThCA
HUSIXOM ~ OOMIHY — €JIEKTPOHOM  MDK  [EBHHMH

OKTaeJIpUYHUMH IO3MLIsIMM B rparui mmmiHemi. Le
03Hayae, mo yactora B miamaszoni 10 - 5-10° I'y Gyme
BIUIMBATH HAa OOMIH EJIEKTPOHIB, TOMI SK JJIS YacToT,
MmeHmmx 3a ~10* T'n BIUIMB 4YacTOTH Ha OOMIHHUUI
MEXaHI3M TMPOSBISAEThCS C€1a00. Sk BHIHO 3 HAmMX
JIOCTIIKEHb, 1 IIe TAKOXK MiATBEpKYEThCS B podoTi [10],
IUIA TIONIOHWX CTPYKTYp ICHYE CTpOra KOpeNALis Mixk

MeXaHi3MOM TIPOBITHOCTI Ta TENIEeKTPHIHOIO
HOBEIHKOO IIITIHEeNeH.
2.  3anexHocti Bigx  ckiaamy.  3anexHOCTI

JIeNeKTPUYHUX 1 [POBIMHUX BiactuBoctreit (1g0,&',0")

BiJl BMICTY MarHito B Li— Fe MIMiHEeNsX Npy KIMHATHIN
TEMIIepaTypi JUIsl pi3HUX Jiana3oHiB 4acTOT, HABEACHI Ha
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Puc. 4. YacToTHi 3a51€XKHOCTI POBIAHOCTI G cucteM cknany LiysFe,s ,Mg O, anpokcnmoBaHi 3a popmyiioro 2

puc. 5 BiamosigHo. i 3amexHOCTI MOXKHa pO30WTH Ha
i obmacti g y <05 1 gma y>0.5. J[ani
PEHTTEHIBCHKHX Ta MeccOayepiBCBKUX JOCIIIKEHD JUIS
LUX CHCTEM [5] cBim9aTh mMpo Te, MO B KOHICHTPAIliHHIHA
obnacti y <0.5 NOMiHYIOUMM € JanbHii MOPSIOK, a JJs
y>=0.5 - ommwxknid. i pe3ynpTaTé BKa3ylOTh Ha BIDIHB
CTPYKTYPH Ha IpOIECH NOJApH3alii Ta AieNeKTPUYHI
BJIACTUBOCTI IIMX CHCTEM. 3aJEKHICTh MieJICKTPUIHUX
BIIACTUBOCTEH BiJ CKIIay MOYKHA MOSICHUTH 3 TTO3MIIN
MeXaHI3My MoJsIpu3allii, a caMe: 0OMiHHA B3a€MOIis
Fe*™ < Fe®" +e¢”  npusBoauTh 10  JIOKAIBHOTO
3MIIIEHHS €JIEKTPOHIB y HAINpPSMKY €JIEKTPUYHOrO MOJIS,

10 BH3HAYAE IMOJIPHU3ALII0 CTPYKTYpH. loHH Fe** | mo
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OepyTh yd4acTh y €JEKTPOHHIN OOMiHHIN B3aeMomnii €
BiJIIIOBiJAIFHIMH 3a MOJIPU3AIliI0 B KOHIICHTPAIIITHOMY
niamasoHi y < 0.5 , OfHAK, IpH 30UIbIIEHHI BMICTY 10HIB

MarHito, umcio ionis Fe** 3MEHILYEThCS, 1, BIIIOBIIHO,
3MEHILYETHCS TOJISIpU3alliss B pe3yJbTaTi MOCTIHHOTO
3MEHLICHHS  JiCNIEKTPUYHUX  BiactuBocted. Takum
9UHOM, KinbKicTh ioHIB Fe" BiZlirpae TOMIHYIOUY POJIbh
B MEXaHI3Max JieJCKTPUIHOT TOJIIPH3aLIii.

Bucunoskn

Hucriepcis  mieneKTpUYHOI  TMPOHUKHOCTI IS
HECTEXIOMETPHUYHUX MAarHifd-3aMilleHuX JIITIH-3ai3H0X
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Puc. 5. 3anexxHicTh MPOBIAHOCTI &), AiCIEKTPUYHOI IPOHUKHOCTI 0), TAHT'€HCY BTPAT B) Ta YSBHOI YaCTUHU
JieneKTpUYHOT IPOHMKHOCT ) Bif BMicTy ioHiB Mg”" npu pi3HHX 3HAUEHHSX YAaCTOTH.

HIiHeJaed 3yMOBJICHA MOJISPU3ALIHHUMH IpollecaMu B

CTPYKTYpi, BHUKJIMKaHUMH JIOK&JIbHUM  3MIILCHHAM

€JIEKTPOHIB, B OCHOBHOMY, B OKTA€IPUYHUX TTO3HUIIIfAX.
MakcumMyM B 3aJI€KHOCTI tgé(f ) BHHUKAE, KOJHI

YacTOTa IMEPECKOKY EJNEKTPOHA CIIBIANa€e 3 YacTOTOIO
30BHIIIHBOrO E€JIEKTPUYHOrO MOJsL. JOMIHYHOYMM JUIst
JOCHIDKYBaHMX CHCTEM € PpE30HAHCHHW Xapakrep
YTBOPEHHSI MiKa B £g I(f).

Taoanus
Excrpanonsmiiiai koedimieHTH 9acTOTHOT 3aJIeKHOCTI
MPOBIIHOCTI po3paxoBaHi 3a hopmyJioro (2)

KU o> o, Omm)' | 7,c
(Om-m)"!
y=0,0 11,0-10° 22,0107 1,3-107°
y=0,1 10,0-10” 20,0-107 0,410
y=0,3 9,0-10° 16,0-10° 2,5-107
y=0,6 8,0:10° 15,0-10° 2,5-107
y=0,8 4,0-10° 7,0-10° 9,0-10°
y=1,0 3,0:10° 5,0-10° 74107
TIOXHOKH +5-107 +£5-107 +5-107
Y  BHCOKOYACTOTHIi  00IacTi  mepeBaKarouuMm

MEXaHI3MOM MPOBITHOCTI € SJIEKTPOHHHI MEPECKOK, Yac
penakcariii AKOro ciabo 3aJeKUTh BiJ CKIALy i

npuGmi3Ho cranoBuTh (6-8)-107 .

KonnenrtpaniitHy o0acTh 3aMiIIeHHs JiTii-3a1i3HO1
OKCHTHO{ IIITiHEeNIi MarHi€EM MOKHA YMOBHO PO3JIUIHTH Ha
JBi 4acTHHH: y < 0.5 i y=0.5. [na mepmoi obaacri
JIOMIHYIOUUM € JANIbHINA TOPSIOK, ISt APYTrol — OIIVKHIM,
3YMOBJICHHI  HAKOMUYEHHSIM  Je(EeKTiB  BHACIIIOK
HECTEeXIOMETPUYHOI0 3aMIllIEHHS MAarHiEM y BEIMKHX

KimpKocTsX. KoHmeHTpartis ioHIB Fi et BiZlirpa€ OCHOBHY
POJIb B MEXaHI3Max MiCICKTPUIHOT MOJIIPH3ALIii.
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The ac. conductivity ¢ and dielectric properties [dielectric constant & , dielectric loss € “ and loss tangent (tan 6 )]
were measured as a function of frequency from 107 to 10° Hz for the nonstochiomethric spineless LigsFe; sy Mg,O4
(where y = 0,0 to 1,0). It was observed that the ac conductivity o is independent of frequency for £ < 10* Hz, but for f
> 10" Hz the conductivity o increases strongly with frequency. The relaxation time (t) was calculated for the all
samples and it was found to be about 107 sec. The electrical conduction mechanism was explained in terms of the
electron hopping model.
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